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ABSTRACT OF DISSERTATION

THE POTENTIAL ROLE OF WEIGHTLIFTING TRAINING ON THE
BIOMECHANICS OF PATIENT MOVEMENTS IN THE PREVENTION OF BACK
INJURY
Back injury in nursing is a significant concern for the health of the
worker, the costs to the healthcare system, and the safety of the patients.
Current injury prevention measures include ergonomic adjustments to the work
environment, the use of mechanical lifting equipment, policies to limit manual
handling of patients, and the teaching of lifting techniques. These measures
have been met with limited success in reducing injury rates. Little is known
about whether changing the lifting biomechanics used in the healthcare setting can
lower high injury rates across the profession.
The purposes of this dissertation were to: 1) identify the biomechanical
risk factors routinely encountered by healthcare workers during the performance of
their daily job tasks and 2) determine whether nurses with formal training in
weightlifting have better biomechanical performance during routine nursing tasks
than nurses with no training. This dissertation included the development of a
conceptual model to guide the research. The framework identified the impact
of muscle fatigue on the biomechanics used in lifting and moving of heavy
equipment and patients. The worker characteristics that affect muscle fatigue include
age, gender, height, BMI and the type of recreational activities outside of the
workplace. These characteristics were controlled for in two studies aimed at providing
a greater understanding of biomechanics used by nurses during routine patient care
related activities.
The first study addressed a gap in knowledge related to the biomechanics of
lifting techniques used by nurses in the work environment, specifically of the
anterior rotation of the trunk and pelvis, angles of the hips, knees, and lumbar spine,
and muscle activation of core and leg muscles used during patient care activities. We
analyzed the biomechanics used by 11 senior level nursing students lifting a
simulated patient attached to a rigid spine board from the floor to a standing height.

Previous studies have identified that a lumbar spine angle in excess of 22.5 degrees
flexion when performing a lift places a worker at a greater risk for back injury.
Biomechanical risk factors effecting this lumbar spine angle identified in this
study included the anterior rotation of the trunk and pelvis in the starting position of the
lift, the angle of the hips and knees during the lifting cycle, the dominate muscle
activation of the rectus femoris during the lifting cycle influencing the anterior pelvic
rotation, and minimal activation of the core muscles required to add stability to the spine
during the lift.
This dissertation identifies common biomechanical risk factors routinely
encountered by healthcare workers, and gives indication of differences between nurses
with formal weightlifting training and those that have not received formal weightlifting
training. The differences in body positioning and core stabilization can help reduce the
biomechanical risks of back injury in nursing.
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CHAPTER ONE:
Introduction
1.1 Back injury among Healthcare workers
Back injury is a concern in the healthcare industry with millions of dollars being
spent annually on preventative and rehabilitative measures1 and an estimated $2 billion in
annual worker’s compensation costs. Musculoskeletal disorders accounted for 33% of all
healthcare injury and illness cases and account for 53% of all cases among nursing
assistants in 2014.2 Burdorf et al.,3 created a predictive model for back injury rates based
on a review of the literature pertaining to injury rates among nurses. The model estimated
that as many as 42% of newly hired nurses will experience a back injury within the first
six years of their career with 66% of those nurses experiencing a recurrence.3 Following
an injury, workers tend to be more passive in their work performance than they usually
would in fear of a repeat injury, increasing the likelihood of re-injury by 5%.4 After
injury, a new nurse is 2.6% more likely to leave their job than one who has not been
injured,5 making back injury prevention that much higher of a priority.
Health care workers experience back injuries at a high level compared to other
occupations.2 Registered nurses have a reported incidence rate of 28.9 back injuries for
every 10,000 employees in comparison to a combined average of 15.8 back injuries for
all occupations.6 This high number of injuries place nursing personnel as one of the most
at risk occupations for musculoskeletal disorders, on par with the injuries experienced in
the unpredictable work environments of truck drivers and construction workers.7 These
back injuries often become so severe that nurses have to leave healthcare completely,
with 12% leaving due to their back injuries becoming so unbearable they can no longer
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perform their jobs. Chronic back pain is reported by 52% of all registered nurses with
38% of nurses requiring time off of work due to back pain.7
A majority (71%) of healthcare worker injuries reported having experienced an
episode of work related back pain8 with overexertion being identified as a main causative
factor.9 Prior efforts to reduce musculoskeletal injuries have focused on the overexertion
of health care workers and have reportedly reduced the incidence of back injury by 10%3
to 71%10 in certain facilities by limiting the need to manually move a patient. It is
estimated that each back injury has a direct cost of $27,407 per claim and indirect costs
of $54,804 to $82,206,11 impacting the operation of healthcare organizations; making
back injury prevention an economic priority.
While much work has been done to improve the incidence of back injury among
nurses,3,10,12,13 the persistent high rate of injury indicates the need to explore alternatives
to improve the current methods employed in back injury prevention. The purpose of this
chapter is to provide a review of the current preventative methods used in the healthcare
settings and identify gaps in the knowledge related to back injury prevention that are
addressed in this dissertation.
1.2. Current back injury prevention methods
Four types of injury prevention are currently being used among healthcare
providers, with a focus on reduction in manual lifting and moving required for the
provider. The four most frequent methods are ergonomic adjustments to the work
environment, the use of mechanical lifting equipment, institutional zero lift policies, and
the teaching of patient lifting techniques.
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1.2.1 Ergonomic adjustments to the work environment. Healthcare workers
frequently work 12 hour shifts making the design of their work space of utmost
importance. Health care workers frequently sit down then raise themselves three to four
inches from their chairs in order to monitor their patients and are required to bend, stoop,
or kneel to reach medications or equipment on low shelving or drawers, adding stress and
fatigue to their lower back.14 Postural analysis was conducted on twenty-six nurses while
performing their daily tasks, and found that nurse are more likely to assume a position of
poor posture when handling a patient than when handling inanimate objects, and are in a
position of poor posture more than 50% of the time, even when using a mechanical lifting
device.15
The efficacy of an ergonomic program, including the use of mechanical lifting
devices, was tested in six long term care facilities and one chronic care hospital.16
Researchers found a decrease in the patient handling injury rates by as much as 60%,
which resulted in a mean net savings from the six nursing facilities of as much as $71,822
per year due to the reduction in workers compensation claim costs after factoring in the
cost of program implementation.16 Among the facilities evaluated, four were assisted in
the development of an ergonomic program and the other three had their ergonomics
program evaluated with implementation assisted by the research team. Although the
evidence suggested that an ergonomic training program in conjunction with lifting
equipment is beneficial, the differences in lifting equipment and staff training strategies
among facilities limits the ability to determine a best practice for implementation.
1.2.2 The use of mechanical lifting equipment. D’Arcy et al. reported that among
nursing assistants (n = 2,692) working in an extended care facility, there was a 41%
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reduction in the risk of back injury when a lifting device was readily available for use, a
39% reduction with training on the use of the equipment provided, and a 35% reduction
when sufficient time was available to complete needed tasks.17 The data were based on
the one year recall of injury information of the nursing assistants and focused on injuries
that may have been prevented by using lifting equipment. While the data indicated the
reduction in injury rates, the lack of specificity in the activities being performed or the
potential limitations of using lifting equipment were not addressed, thus leaving questions
about the best practice to incorporate lifting equipment, education on the use of the
equipment, and allowing for sufficient time to complete tasks into injury prevention
efforts.
Anyan et al. 8 identified a reduction in the injury incidence rate from 6.5 to 0.3 per
100 employee-years in a 12 bed burn intensive care unit (ICU) following the installation
of five overhead lifting devices for use with larger patients with mobility limitations,
review of safe lifting techniques, and instruction in proper body mechanics. There was a
decrease from 33 injuries in the 78 months (rate of .42/ month) prior to lift the
intervention to 1 injury in the 42 months (rate of .02/ month) following implementation.
The study was limited in sample size, and lacked comparison with other burn units
minimizing the ability to generalize these findings. The bundling of the intervention
tactics improved the outcome of back injuries, but lacked specificity in the ability to
identify which intervention had the greatest impact on the overall outcomes.8
1.2.3 Institutional zero lift policies. Burdorf et al. created an injury prevention
model based on a literature review of observational and experimental studies on the effect
of lifting devices on the incidence of back injury and a model which removed the lifting
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of patients completely.3 The model reported the best case scenario would be a reduction
of low back pain prevalence from 41.9% to 40.5% and injury claims from 5.8 to 5.6 per
100 worker-years. The complete elimination of manual patient lifting would result in a
reduction in prevalence to 31.4% and injury claim reduction to 4.3 per 100 worker years.3
This reduction in injury rates is further supported by Gold et al, who found that the
frequent use of mechanical lifts was a protective method for the reduction in low back
pain incidence within a four year time frame, with a prevalence ratio of 0.83 (95% CI
0.71 - 0.96).18
Zero lift policies have shown promise in reducing the risk of back injury.10, 12
Charney et al found a reduction in injury rates from 3.88 back injuries per 100 FTEs to
2.23 injuries per every 100 FTEs over a four year period. The implementation of the
policy included; the purchase of some lifting equipment, training all staff on the lifting
policy and use of the lifting equipment, a written policy defining the facilities as nonmanual lift facilities, and a patient screening process to determine the appropriate
equipment to be used based on patient need.12 Policies and procedures varied between the
study organizations, which compounded the need for training new employees in light of
the high turnover rates reported in the rural hospitals.
The implementation of safe lifting programs have a definite financial impact on
long term care facilities.19 Evidence indicates that in the presence of rigorous, safe lifting
policies, the increase in the number of lifts available for use by one lifting device for
every 100 residents, there is an 11% decrease in the costs due to injury in nursing
facilities.19 The implementation of a multifaceted plan into a healthcare facility, which
included ergonomic assessment protocols, patient handling assessments, peer back injury
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resources, patient handling equipment, after action review plans, and a no lift policy,
resulted in a reduction in injury rates (24.0/ 100 workers to 16.9/ 100 workers) and
associated costs ($95,091 to $49,244).20 While these findings were significant, it is
important to note that the pre and post intervention data was based on a nine month
period prior to implementation and 9 month period post intervention. Workers
compensation costs from one year prior to data collection for the healthcare system
increased from $8.25 million to $9.56 million, with a subsequent reduction back to $8.76
million following the intervention.20, 21
1.2.4 The teaching of lifting techniques. Simulation environments have shown
promise in teaching healthcare workers how to prepare and execute a patient movement
in a manner that places them at lower risk for back injury.22 The step by step approach to
a safe patient movement showed improvements in all areas (identify the move [76%],
assess patient condition [58%], enlist help [47%], gather equipment [11%], prepare
environment [37%], communicate with patient [58%], communicate with personnel
[66%], perform the transfer [61%], reassess the patient [50%], reset the environment
[45%]). This study was conducted on seventy-one healthcare workers (48 nurses, 23
nursing assistants) as a pre intervention to post intervention comparison study. Teams
performed two patient movements then were debriefed and retrained on the proper
performance of the movements. Each team then performed two different patient
movements and scored based on the 9-step approach as completing each step or not
completing the step. The average completion rates of the tasks improved from 34% preintervention to 86% post-intervention.22 The results indicated an immediate improvement
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in the lifting techniques following the training procedure adjustments; however, long
term results were not determined and impact on back injury rates remain unknown.
Video based training modules have given indication as a viable teaching method
in the improvement of lifting techniques for healthcare workers.23 Results indicate that
when a worker receives training in safe lifting techniques, then scores videos of others
performing the assigned lifts, their own lifting techniques improve. Nielsen et al.
performed ergonomic assessment and scored the performance of the lifting of a patient
from a wheelchair to a standing position or the lowering of a patient from standing to
resting in a wheelchair. All participants were recorded performing the movement and
scored prior to and following the intervention. The scoring system was reviewed with the
participants, and then the participants were asked to score videos of others performing the
same tasks. Five of the six participants showed an improvement in their scores during and
following withdrawal of the intervention.23 Given the small sample size, the results are
not generalizable to the nursing population, but lend merit to the use of this platform for
future research.
Contextual, or “hands on” training was shown successful in improving the posture
of the torso during emergency patient care activities when tested in a simulated patient
care environment. Sixteen participants (10 female, 6 male) were split into 4 teams for the
intervention between traditional classroom training with 30 minutes of practice and
contextual training with scenario based practice sessions being one factor and completing
the training with a time limited simulated stressful environment or no restrictions. The
results indicate that the type of training had a significant impact on torso flexion (F =
14.354, p < 0.001) and rotation (F = 15.534, p < 0.001) with contextual training showing
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better results than the traditional classroom training. The restrictions of time and
simulated stressful conditions were non-significant on the changes.24
Healthcare workers have been found to lack the insight into their low knowledge
of proper body mechanics during the lifting and movement of a patient.25 The
identification of this finding, through focus groups involving healthcare workers, led to
the development of a video game as a behavioral change support system. The movements
of the participant during the video game were evaluated through a motion capture system
for proper body posture and positioning while performing tasks that emulate the
movements they would perform during their routine tasks in the healthcare environment.
Improvements in game score correlate to the number of times the participant plays the
game (p = 0.007) with scores improving the more times the game is played.25 This study
was implemented to test the ability of the game to impact behavioral methods during the
game; however, the transference to the work environment was not tested and needs to be
explored further.
1.2.5 Defining proper lifting techniques in the healthcare setting. Currently the
teaching of safe patient handling techniques is outdated in methodology and does not
teach biomechanical fundamentals congruent with the use of mechanical lifting devices,10
and are therefore not a supported method for promoting injury prevention.7 While scant
information exists on the biomechanics being used in nursing movements, large amounts
of data are available in weightlifting and injury rehabilitation programs. While exercise
programs are frequently used in the prevention26-28 and rehabilitation29-31 of low back
pain among athletes and workers they are rarely incorporated in teaching injury
prevention among healthcare workers. This dissertation compares the biomechanics
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employed by the nurses while performing the patient lift from the floor to a standing
height, to the more safe lifting techniques taught and used by weightlifters. The basic
movement of lifting an object from the floor to a standing position was chosen for this
dissertation as a starting point in understanding the biomechanics utilized by nurses.
Core Stabilization is a critical component in the lifters ability to maintain spinal
stability during the lifting motion in weightlifting and must be employed in daily work
tasks to minimize injury risks. Bliss et. al. defines core stabilization to include core
strengthening, muscular fusion, lumbo-pelvic stabilization, and dynamic stabilization.28
The activation of the core is the first step in any weightlifting movement and includes
activation of both the anterior and posterior abdominal muscles and assists in the
generation of force beginning in the core and being transferred through the limbs.28,32
Activation of the anterior and posterior surface abdominal muscles is analyzed in this
dissertation for comparison to the core activation levels identified in common
weightlifting movements.
Previous studies have indicated a lower load on the spine when the power
generated for a lifting task is generated from the lower extremities with a stabilized
core.33 While this supports the current educational model of lifting with the legs instead
of the back, proper generation of power from the legs with a stabile core are not
addressed. This dissertation observes the activation of the muscles of the legs and
compares this muscle activation to the activation levels identified during the deadlift,
which most closely emulates the nursing movement used for the two studies.
The movement of lifting an object from the floor, or with the hands below the
level of the waist resembles the deadlift movement. When training a nurse to lift, we
9

indicate they should lift with the legs and not the back while keeping the load close to
their bodies,7,34 but what is the proper way of doing this? While there is no biomechanical
definition for correct lifting in nursing, there are training methods used in weightlifting
which allow athletes to safely lift large amounts of weight while limiting their risk for
injury.
1.2.6 Summary of current prevention. For a lift to be performed in a safe manner,
a worker must activate the appropriate muscles to stabilize the spine, while engaging the
appropriate muscles to allow for the body segments to be properly positioned during the
lifting task. While these methods are common in weightlifting training, they are rarely
introduced in safe patient handling education. The understanding that the total force
exerted on the joints of the body consisting of the internal forces placed on the joint
(muscles, tendons, ligaments) and the external force of the load creating the joint
moment, leading to a direct impact on the risk for injury associated with the movement.35
Proper muscle activation in concert with appropriate joint and body segment alignment,
allows the stress to be evenly distributed through the body,32 reducing the risk of injury to
the lumbar spine.
The combination of policy, use of lifting equipment, and ergonomic assessment,
and safe lifting education have shown to be the most beneficial method in injury
reduction.12, 17, 19, 23 While these methods have shown a reduction, injury rates still remain
high. Scant research has focused on the biomechanical risk factors associated with back
injury commonly used by nurses during the lifting and moving process or the differences
between nurses who are trained in weightlifting techniques and those who are not trained.
Therefore, the purposes of this dissertation were to identify the biomechanical risk factors
10

routinely encountered by healthcare workers during the performance of a routine lifting
task and determine if there is a difference in biomechanics between nurses who have
received formal training in weightlifting and those who have not.
The chapters included in this dissertation represent the systematic approach
applied in developing my initial program of research. First, biomechanical factors
associated with risk of lower back injury among nurses during lifting were identified
through a literature review, developing a conceptual framework to guide further research.
Second, an observational research study was conducted to characterize the whole body
biomechanics of 11 nursing students as they lifted a simulated patient from the floor to a
standing height. Finally, an observational research study was conducted to identify
biomechanical differences between nurses who have been formally trained in
weightlifting techniques and nurses who have not received formal training in
weightlifting techniques to evaluate the biomechanical differences in lifting techniques
used to perform the task. Understanding the biomechanical impact of the lifting technique
used by nurses risk factors utilized by nurses, along with the observed differences
between nurses who are trained in weightlifting and those who are not trained in
weightlifting, allow for the guidance of future research trials to determine effective
teaching strategies for biomechanically sound injury prevention methods.
1.3. Summary of subsequent chapters
Chapter Two is a review of literature that supports the conceptual model for
biomechanical risk factors of back injury among healthcare workers that guided the
subsequent research studies. Because there is limited research on the biomechanics
employed by nurses during the completion of their routine tasks, research on risk factors
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in other professions were also reviewed. A PubMed search was conducted to identify
research studies published after 2005 using the keywords: low back injury, nursing, and
risk factors. Articles were included if they were published in English, included human
subjects, and were published in a peer reviewed journal. The review identified muscle
fatigue as having a direct impact on the biomechanics used when lifting and moving a
patient or equipment. Worker characteristics and the workload/ work duration were
identified as contributing factors to muscle fatigue among healthcare workers.
The biomechanics used during routine nursing tasks which place the nurse at an
increased risk for injury are relatively unknown, Chapter Three addressed this gap in the
knowledge through a whole biomechanical analysis of nursing students when lifting a
simulated patient from the floor to a standing position. The research questions addressed
were: What are the common angles of the trunk, pelvis, and the difference between these
angles, identified as the lumbar spine angle, when lifting a patient from the floor? How
were the core muscles activated during the lifting of a patient from the floor? How were
the muscles of the thighs activated during the lifting of a patient from the floor? The
sample consisted of eleven female, senior level nursing students of similar age, height,
weight, and body mass index to limit variability between subjects. Data were collected
through ten photo-electric motion capture cameras and an eight channel
electromyography (EMG) system. The percentage of the lifting cycle the participant
spent in a lumbar spine angle which could lead to the fatigue failure of spinal tissue,
referred to as the fatigue angle, were noted for all participants and was affected by the
starting position of the trunk and pelvis. Rectus femoris activation showed to be more
than the biceps femoris during the lifting phase and erector spinaes demonstrated the
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highest activation for the core muscles. These identified variables were used for
comparison between nurses in Chapter Four.
Participation in weightlifting activities are believed to alter the biomechanics used
when performing work tasks; however, the extent of the differences are unknown.
Chapter Four is a comparative biomechanical analysis between nurses who have received
formal training in weightlifting techniques and those who have not received formal
training in weightlifting. The research question for this study was: What are the
differences in whole body kinematics and EMG activity of select trunk and leg muscles
when lifting a patient from the floor? It is expected that the trained weightlifters would
demonstrate less anterior rotation of the trunk and pelvis, a neutral spine as evidenced by
a reduced angle difference between the trunk and the pelvis, an increased level of core
activation, and an increased activation of the muscles of the posterior thigh and gluteus
maximus, or posterior chain,32 during the lifting cycle. Previous kinematic and EMG
studies on experienced weightlifters when performing the squat and the deadlift
demonstrate this improved biomechanics36-41 lending support to these expectations.
The sample consisted of fourteen female, nurses with less than five years’
experience of similar age, height, weight, and body mass index to limit variability
between subjects. Seven participants were included for each group. Whole body
kinematic and EMG activity of select trunk and leg muscles were measured using ten
photo-electric motion capture cameras and an eight channel EMG system and processed
in Cortex software before further processing through Visual 3D. Time spent in a lumbar
spine angle of fatigue were noted for all participants and was affected by the starting
position. Previous studies have indicated a power differential between the rectus femoris
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and the biceps femoris among athletes,42 which when coupled to the differences in muscle
activity between the two, led to the need to determine the power differential between the
two muscles. Maximal voluntary isometric contraction were collected using a handheld
dynamometer for the rectus femoris and the biceps femoris giving indication that on
average the biceps femoris was only 58.3% as strong as the rectus femoris of the
participants. Differences were noted between groups in that there was less anterior
rotations of the pelvis and thorax and an increased level of activation of the rectus
abdominus during the lifting cycle in the nurse trained in weightlifting compared to the
nurse that was not trained. The nurses trained in lifting techniques demonstrated a higher
peak in rectus femoris activation than the nurse with no training, and displayed a larger
percentage of the lift cycle in which the rectus femoris was the dominant mover of the
thigh. This finding was not consistent with our expectations for the study.
Chapter Five is a synthesis of the prior chapters, to advance the science of
understanding biomechanical causes of lower back injury among nurses in order to
develop more efficient teaching methods in the future. Recommendations for education,
practice, research, and policy are made.
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CHAPTER TWO:
Getting to the Root of Back Injury among Healthcare Workers:
Developing a conceptual model
Abstract.
Healthcare workers suffer musculoskeletal injuries on a frequent basis with back
injury being the most common. Each back injury carries a large direct and indirect cost
posing a great risk not only to the worker, but also to the healthcare institution’s financial
stability. Current preventative methods focus on the elimination of manual patient lifting
and movement to decrease the workload placed on the healthcare worker. A literature
review was conducted to identify physical risk factors that contribute to the rate of back
injury among healthcare workers. Muscle fatigue was identified as the contributing factor
to alterations in the biomechanics used during the lifting cycle. A conceptual framework
was developed, identifying the effect muscle fatigue has on the biomechanics used during
the lifting and moving of heavy equipment and patients. Worker characteristics including
age, gender, height, BMI, and types of recreational activities outside of the workplace
along with workload/ work duration were identified as contributing factors to muscle
fatigue, impacting the biomechanics used when moving a patient. The conceptual model
developed will be used to account for these contributing factors when assessing the
biomechanics of nurses when performing tasks to further the science as it relates to
musculoskeletal injury, with a focus on lower back injury, in nursing.
Keywords: Back injury, nursing, injury prevention
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2.1. Introduction
Healthcare workers function in a fast paced, labor-intensive environment that
requires them to lift heavy patients and equipment repetitively while under stress,
increasing their risk for back injury. According to the Bureau of Labor Statistics, in 2015
there were 171 musculoskeletal injuries for every 10,000 healthcare workers accounting
for 33% of all reported injury and illness cases for healthcare workers6 and 53% of all
injury cases reported for nursing assistants in 2014.2 Health systems are directly
impacted by the costs of back injury with a combined direct and indirect cost ranging
from $82,211 to $109,613 per injury.11,43 Back injury is a concern among healthcare
workers with millions of dollars being spent on preventative and rehabilitative measures.1
Initial investment costs for lifting equipment and training are estimated at $158, 556 for
the average healthcare facility with a cost recovery period of three years based on annual
worker’s compensation savings and the indirect costs of lost wages and employee
retention.44 The American Nurses Association reports that 52% of all nurses experience
some sort of back injury during their career with 38% leaving the profession due to this
injury.45 Employees with less than one year of experience on a job are reported to be 70290% more likely to experience a work related injury than a more experienced
employee.46 A new nurse who has experienced an injury is 2.6% more likely to leave
their job than nurses who have not experienced an injury.5 Injuries, coupled with the
increasing age of the workforce, compound the nursing shortage currently being
experienced across the United States.10
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2.2. Background
Injury rates among healthcare workers remain higher than those of the general
workforce,6 despite the progress that has been made in reducing these rates through
preventative methods. This indicates a need to improve current preventative methods
which are based loosely on the studies of Engkvist et. al..47 Engkvist found that 95% of
injuries reported in the study group involved the care of a patient with 85% of those
injuries occurring during an activity in which the nurse had time to plan the task. The
study was based on the conceptual model addressing the accident process and the links
between the organization, the workplace, the patient, and the nurse.47 This model led to
the current preventative methods, which include the use of lifting and moving devices,
institutional policy changes, and educational methods. The development of the model in
this paper will focus on role of the nurse in the accident process.
Insert Figure 1 Engkvist model
Lifting devices were developed to decrease the workload placed on healthcare
workers. A majority (71%) of healthcare workers report having a previous back injury,8
with overexertion being identified as the leading causative factor.9 The reduction in
workload through the consistent availability and use of lifting devices has helped to
decrease patient handling injury rates by 41% - 60%, with annual cost savings of as much
as $71,822 for a large healthcare organization.8,16,17
In order for lifting devices to be effective at reducing back injuries in healthcare
settings, the use of this equipment must be supplemented with written policies that direct
the staff in safe patient handling methods. Policy changes such as zero lift policies have
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shown promise in reducing the risk of back injury.10,12 For example, Charney et al. found
a reduction in injury rates from 3.88 back injuries per 100 FTEs to 2.23 over a four year
period after implementing a policy which included the following: some lifting equipment,
all staff trained on the policy and equipment, a written policy defining facilities as nonmanual lift facilities, and a patient screening process to determine appropriate lifting
methods.12 When coupled with policy change, an increase of one mechanical lift per 100
residents has shown an 11% decrease in costs associated with injury in nursing
facilities.19 While injury rates are reduced with written policies governing the use of
mechanical lifts, injury rates are still high. Laws requiring lifting policies are in place in
11 states; however, injury rates in each of these states remain higher for healthcare
workers than for the general workforce,6 raising the question as to why this is still
occurring.
The improved use of mechanical lifting devices and less dependence on manual
lifting is consistent with current methods for injury risk reduction; however, poor posture
still occurs nearly 50% of the time during nursing tasks, even when using these lifting
devices to move patients and during other routine nursing actions.15 A majority (80%) of
the torque placed on the low back by healthcare workers during patient transfer is a direct
result of the position of the worker’s own body during the lift.48 These findings support
the National Institute of Occupational Safety and Health (NIOSH) report that the
educational model used in schools of nursing is outdated and needs improvement to
include the proper use of mechanical lifts along with the body postures necessary to
minimize back injury risk when using the equipment.10 Although there has been a
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reduction in the rate of back injuries among healthcare workers, rates remain high making
it imperative to improve upon the prevention measures for back injury.
2.2.1 Biomechanics
To achieve a safe lift, the worker must incorporate proper muscle activation to
stabilize and support the spine throughout the movement in addition to engaging the
muscles specifically required to complete the task. The task of moving a load requires
alterations in position and the orientation of joints (e.g. hip, knee) and segments (e.g.
trunk, thigh) of the body. The total force exerted on a joint (joint moment) is a composite
of the load being moved (external forces) and the forces exerted by the muscles, tendons,
and ligaments (internal forces) acting on the joint. The joint/segment angles in concert
with the forces exerted upon them, act to create contact forces and moments in the joint.35
2.2.1.1 Muscle activation. The core muscles support the lumbar spine during movement.
These muscles include the erector spinae, which controls spinal extension; the external
oblique, which controls lumbar flexion and rotation; the multifidus spinae, which controls
extension and rotation of the spine; and the gluteus maximus, which controls the
extension and rotation of the hip.36,49-51 To reduce the amount of spinal movement and
maintain spinal stability these core muscles must be activated during the lifting process52
and are necessary to reduce the risk of low back injury.
Lifting while employing core muscle activation allows for spinal alignment to be
achieved for the optimal lifting position. Through the maintaining of this posture, force
can be generated by the proper lifting muscles (lifting with the muscles of the legs) while
allowing for the hips, knees, and shoulders to achieve their optimal positioning during the
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lift. This generation of force through the core to extremities32 allows for the force to be
evenly distributed across the body rather than isolating individual body segments to
perform the work.
The core is stabilized first by tightening the muscles of the abdomen and the
lower back as described above. The object is kept close to the body as it is lifted using the
muscles of the extremities.53 A fundamental in the safe performance of weightlifting
exercises, the production of power is generated in the core and transferred to the
extremity.32 Performing daily tasks with the same practices provides for a reduced risk of
injury.
Healthcare workers often complete lifting and lowering motions during the
completion of their daily tasks. The lowering motion requires less muscle recruitment to
perform, which lessens the amount of force acting upon on joint during the movement;54
however, most often the nurse is required to move a patient using the lifting motion. The
need for increased muscle activity during the lifting motion creates greater force on the
body joints, increasing the risk for low back injury.
2.2.1.2 Joint/ segment angles. Healthcare workers are often placed in restrictive or
awkward lifting positions while performing their daily tasks. The increased flexion and
extension of the spine with the force exerted during the lifting process pose a significant
risk for low back injury.55 The activation of the core during the lifting process changes
based on body positioning and has an impact on the stability of the spine.31,56 The
stabilization of the spine requires core muscle activation in differing sequences dependent
upon the center of balance in which the lifter is performing their tasks.49 This
stabilization maintains the proper alignment of the spinal column and is important in the
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prevention of back injury. Researchers have shown that the cross-sectional area of the
multifidus and erector spinae muscles, necessary spinal stabilizers, are predictive for
acute low back pain, which often becomes chronic.57 While the cause of the size disparity
of these stabilizing muscles is not discussed, it is hypothesized that the lack of muscle
recruitment during the lifting phase and improper strengthening exercises are a
contributing factor. It then can be assumed that through the proper training of these
muscles, the size and strength can be improved and the risk of injury to the lower back
can be minimized.
Time available for a healthcare worker to complete the tasks associated with the
job has been shown to be a risk factor for back injury.17 The heavy workload of a
healthcare worker, with the lack of available time to complete tasks, performing the task
as quickly as possible is often the choice for patient movements rather than the use of
lifting equipment that requires more time to use. It may be hypothesized in this
framework that proper body mechanics are often sacrificed, placing joints into extreme
angles, in order to accomplish the time constraints placed on the worker. The purpose of
this paper is to review the literature and identify the risk factors that contribute to low
back injury and develop a conceptual framework focusing on the biomechanical lifting
techniques that can be used to minimize the risk for injury among healthcare workers.
2.3. Methods
A PubMed search using the keywords low back injury, nursing, and risk factors
was conducted to identify factors that increase the risk for back injury. The search
yielded forty-seven articles. Inclusion criteria included the following: (a) published in
English, (b) published after 2005, (c) included human subjects, and (d) published in a
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peer-reviewed journal. After the articles were assessed for inclusion criteria, relevance,
and content, 20 articles were reviewed. Additional PubMed searches were conducted on
each identified risk factor to identify an additional forty articles, with the current, relevant
findings included in the discussion. In total, 60 articles were reviewed.
2.4. Results
From the literature review, it was determined that muscle fatigue has a direct
impact on the biomechanics employed during the lifting and moving of heavy equipment
and patients. The characteristics of the worker and workload/ duration of the work have a
direct effect on fatigue levels, and will be discussed in more detail below. Figure 2 is a
conceptual presentation of the risk factors identified.
Figure 2 Here
2.4.1 Muscle Fatigue
Nurses frequently spend twelve or more hours working per shift. During this time,
the a majority of nurses lift multiple patients and pieces of equipment, make rounds on
patients, and are on their feet for a majority of the shift. The repetitive workload
performed over long hours with lack of a sufficient rest period creates muscle fatigue.58
During the lifting process, muscles must be activated in the optimal sequence to maintain
spinal stability.59 Spinal stabilization occurs through the stabilizing of the core by
contraction of the internal and external obliques, the erector spinaes and other muscles of
the abdomen and lower back.60 Muscle activation can increase intra-abdominal pressure
and core stability during the lifting process.26

22

Variations in lifting techniques will cause the muscle to become fatigued at
different rates and alters body segment positioning.27 Body positioning allows for the
optimal activation of the core muscles and affects the muscle fatigue associated with the
movement either in a positive or negative manner.61,62 Fatigue negatively impacts the
biomechanics of lifting and moving techniques 62 and common lifting techniques used by
healthcare workers. Muscle fatigue changes the muscle activation and joint angles in a
neutral posture during the lifting movements, which may add to the risk of injury.62
Therefore, teaching efficient movements, especially for repetitive motions, is paramount
in injury prevention. Through improving on the biomechanics used to lift and move a
patient, the risk factors of appropriate muscle activation63 and maintaining proper body
segment and joint angles64 can be improved upon, reducing the risk of injury.
Mental fatigue can also occur following long work shifts and affect the ability of
the worker to perform a task while maintaining proper body mechanics. Both physical
and mental fatigue can directly impact the performance of lifting techniques, especially at
the end of the movement when maximal muscle contractions are needed. This in turn
may increase the risk for injury.65
2.4.2 Worker Characteristics
Several factors were identified that affect the biomechanics of the lifting process.
Age, gender, height, body mass index (BMI), and types of recreational activity outside of
the workplace have been shown to differ the biomechanics of lifting. This alteration in
the lifting motion can influence the risk for back injury among healthcare workers.
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2.4.2.1 Age. There is an overall increase in the average age of nurses in the United States
(50 years old), with a majority (53%) of the workforce is over the age of 50.10,66 The
increase in age has indications for the relative risk for low back injury associated to
increase by as much as 61%.67 Age related changes in disc spacing in the lumbar spine
occurs (83% L4/L5 - L5/S1) increasing the risk for developing low back injury.68 Low
back injury occurrence rates have been shown to increase by 42% for every 10 years of
age in similar occupations that require a worker to lift and move in awkward positions.69
Age has been shown to impact the muscle activation of the erector spinaes (p = 0.009)
and the multifidus (p = 0.027) and the flexion of the lumbar spine (p = 0.001) during the
lifting process,70 reducing the stabilizing capability of the lower back, thereby increasing
the potential for injury. Structural changes have also been found in the hips and pelvis as
a worker ages lead to changes peak lumbar and pelvic rotations as well as the pelvis to
trunk ratios during the lifting process leading to an increase in the shear demand on the
lower back as the worker ages.71 These changes with age increase the risk of back injury
among nurses.
2.4.2.2 Gender/ Height/ BMI. Physical differences between workers account for
changes in the lifting techniques employed in the work environment. Gender,67,72
height,73 and the BMI74,75 of the worker affect the biomechanics of lifting. Sikiru and
Hanifa76 found back injury rates are as much as two times higher among female nurses,
with one study reporting female injury rates of 68% and male rates of 32% over a one
year period. The strength and stability of the core during movement allowing the transfer
of energy through the trunk from the extremities can increase risk for back injury and was
found to be lower in females than in males.72 On average, the female worker has less
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muscle mass and strength than their male counterparts, calling on the use of a higher
percentage of their overall maximum physical capacity to lift.10 This strength differential
was indicated in previous studies in the military in which female soldiers carried lower
amounts of weight (16.1% of bodyweight female, 26.4% male), yet were 40% more
likely to sustain an injury67 Differences in the lumbar and pelvic rotations during the
lifting process, and the lumbar spine to pelvis ratio creates an increased shearing load on
the lower back among female workers as well.71 The muscle mass and strength
differences leading to differences in the biomechanics of functional movement and
balance testing between the sexes72 indicate a biomechanical difference in the
performance of work related tasks.
There are indications that height has an impact on the biomechanics of lifting and
the risk for low back injury. Modic changes, or changes in the vertebral endplate, in the
lower back have been found to increase by four percent for each additional centimeter of
height, increasing the likelihood of low back injury.68 Workers over the height of 6’1”
have been found nearly three times (2.84) more likely to experience a back injury in a
one year period than those with a shorter height.77 The increased risk of back injury due
to height and physiological changes is compounded when workers are paired with other
workers of differing heights, creating a height mismatch. This mismatch in height allows
for an appropriate height for one worker, but an awkward height for the other, resulting in
a position of greater forward flexion of the trunk in one worker, placing the spine under
greater loading and increasing the risk for injury.78,79
Obesity rates in the United States are growing (36.5%) and must be accounted for
during the care of the patient and in regards to the physical well-being of the nurse.80 An
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increased BMI results in anatomical changes in workers68 and to increase the risk of
injury by up to 40%.75 Disc height in the lumbar spine can be reduced by as much as 0.1
cm in the obese population causing a weakening of the vertebral disc.81 This physical
change along with the altered weight distribution across the body82 and varied center of
mass and center of spinal rotation,83 changes the way joints and body segments, including
the lower back, are loaded,84,85 in turn increasing the risk of back injury. The increase in
abdominal adipose tissue can also lead to facet joint arthritis and back pain in workers.82
2.4.2.3 Physical activity. Different types of physical activity condition the body to
respond to different types of physical demands. Previous research has indicated a
reduction in the injury rates for an employee that exercises more than four hours per
week by as much as 25% over an employee that exercises less than 2 hours.69 Strength
training prepares the body to work with a load86 while aerobic training develops muscles
for the endurance activity.87 While both types of exercise are important in maintaining
employee health, strength training techniques develop the muscle activation required to
handle the workload presented, while maintaining proper spinal stability32,53 that is not
always present in aerobic type training. The added spinal stability associated with
strength training maintains proper biomechanics throughout the lifting process and helps
to reduce back injury risks.72
2.4.3 Workload/ work duration
Workload was identified as a common factor that contributes to the risk of injury.9
It is recommended that the maximum patient weight to be lifted by the healthcare worker
is thirty-five pounds;10 however, the weight of the vast majority of patients exceeds this
recommendation with critical care nurses often lifting a cumulative total of one to three
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tons of weight during the average shift.88,89 The average weight of patients being cared
for is increasing while a shortage of nurses to care for them continues.90 The workload of
any task the nurse is required to perform exerts forces on the joints and segments of the
body. Even with the use of mechanical lifting devices, healthcare workers are still
required to manually reposition patients in order to place lifting harnesses under them.
This task requires the worker to exert force while in an extended or flexed position.
Overexertion is created when the work demands exceed the capability of the
body, which has a significant impact on back injury among healthcare professionals.9, 9194

Overexertion due to increased workload creates an increased energy expenditure when

performing tasks, which in the presence of long work shifts contributes to fatigue92 in the
muscles providing the crucial spinal stability needed to limit their injury risk.95-98
Overexertion can be a result of the cumulative workload and increases the risk of
injury.99 Since more than one-third (34.9%) of the U.S. population is obese,80 healthcare
workers are experiencing greater workloads while performing their routine tasks.100
Although the Occupational Safety and Health Administration (OSHA) does not set a
maximum limit, it is recognized that lifting loads of fifty pounds or more increases the
risk of back injury.101 NIOSH recommends the maximum patient weight to be lifted
vertically be limited to thirty-five pounds to limit the risk of overexertion.10 OSHA report
that 99 percent of all musculoskeletal injuries that occur during patient care activities are
the result of exceeding the recommended limit94 either in one episode of lifting a weight
greater than what the back can support, or in the repetitive improper lifting of lighter
weights.102
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Long work hours have been indicated as increasing the occurrence rate of back
injury by 22% with rates increasing by as much as 87% in workers that are required to
perform for 13 hours or more in a day.103 A nurse that works more than 40 hours in a
week has been found to be 25% more likely to experience a work related injury.104
Nurses are frequently required to work shifts of 12 hours or more, in understaffed
conditions, in the performance of their daily requirements, and often must work overtime
to accommodate patient care in light of the current nursing shortage in the United
States.66 The cause for the increased injury risk is undetermined; however, fatigue is
believed to be a factor.103-105
2.5. Discussion
The amount of energy expended during a work shift contributes to the fatigue of
the muscles and mental focus and is affected by both the workers characteristics and the
workload placed on the worker. Muscle fatigue affects the muscle activation during the
lifting process leading to the inability of the body to maintain proper body positioning
and increasing the risks of back injury. Mental fatigue affects the focus of the worker
taking the attention away from the maintaining of proper lifting techniques also
increasing the risk of injury. Nurses are routinely employed for long shifts and are under
heavy workloads, setting them up for failed body mechanics. The degeneration of proper
body mechanics increases the risk for injury to the lower back through the decreased
activation of the spinal stabilization musculature and exaggerated angles of the joints.
The biomechanics of lifting and moving are fundamental to the reduction of
injury risks to the lower back; however, the biomechanics of each individual are impacted
by the many risk factors previously discussed. There are several characteristics of a
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worker that have been identified to impact body mechanics, including age, sex, height,
BMI, and the amount and type of physical activity in which an employee participates.
When moving a load, each of these risk factors impact the body mechanics of the
movement. Age is related to disc degeneration as well as changes to the anatomical
structure of the hips and pelvis.69 The change in the angle of the hips and spine, when
performing work, creates a greater total force in the joint during a lift. Difference in the
muscular size and strength based on the sex of the worker creates a change in the ability
of the muscles to stabilize the spine when a load is lifted. The height of the worker
changes the angle of the joints when lifting a load, which impacts the total force exerted
on that joint. The distribution of mass across the body changes the loading of the spine.
The different types of exercise a person participates in prepares their body to perform
work. The recreational and fitness activities participated in outside of the workplace will
impact the worker’s body mechanics in the presence of a load. Each risk factor can act
alone during the lifting process to affect body mechanics, or can act together to
strengthen or hinder proper mechanics and impact the risks for injury during the lifting
process.
Low back injuries are a significant problem among healthcare workers with
preventative measures focused on workplace modification through mechanical lifting
devices, and organizational policies such as zero lift policies.88 These measures focus on
two components of the framework introduced by Engkvist et al.47 but do not address
individual worker factors. The development of the new model is allows for a focus on the
nurses role in the injury process when lifting and moving patients. While there has been a
reduction in the amount of worker back injuries when lifting devices are available, the
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incidence of injuries still remains high.2,12,106 Body mechanics are often overlooked as a
means for injury prevention. Lifting is often taught only as keeping the load close to the
body and lifting with the legs instead of the back; lifting education often does not discuss
the methods required to activate the spinal stabilizing muscles. This antiquated method of
teaching renders the use of biomechanics ineffective as a means for injury prevention.10
The activation of the core stabilizing muscles has been overlooked in most healthcare
training curricula34 but is a necessity in teaching proper lifting techniques that incorporate
spinal stabilization.32
Stabilization of the spinal column is critical when performing lifting and moving
tasks.53 The proper activation of the core muscles allows for the worker to reduce the risk
of injury and reduce the extreme angle placed on the vertebral joints, thus reducing the
risk for injury to the healthcare worker.
2.5.1. Current Practice
Prior research identified age, gender, height, BMI, and physical activity outside of
the work environment as risk factors for back injury. The primary body of research and
engineering controls focused on correcting for overexertion and have made the
assumption that body mechanics alone do not have an adequate impact on the reduction
in risks for injury.10 By failing to emphasize the importance of proper body mechanics,
no intervention will be adequate in terms of reducing the occurrences of back injury to
acceptable levels. To fully address the issue of back injury, the impact of each risk factor
on proper body mechanics as the worker is performing a task must be taken into
consideration.
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Mechanical lifting devices have proven beneficial in the reduction of back
injury.3,10,12,13 They are designed to reduce the work of heavy vertical lifting, thus
reducing the amount of overexertion experienced by the healthcare worker; however,
they do not address the workload required to position the patient on the lifting device.
Lifting devices can reduce the incidence of back injury, but there are limits to their usage.
Mechanical lifts are cumbersome and cannot be used in confined areas common in
patient rooms. They are only effective if they are readily available and can be deployed in
a timely manner.107,108 Researchers found that there has to be an adequate number of lifts
available for use, in locations where they are readily accessible, and there must be enough
properly trained staff to affect the incidence of low back pain among healthcare workers.3
Also, even when lifts are used, a workload is required by the healthcare workers to
position the patient on the lifting device.
2.5.2. Implications for Research
Multiple factors impact the incidence of back injury among healthcare workers.
Research aimed at understanding the biomechanics of routine patient care activities, such
as muscle activation, body segment angles, and joint loading, will allow for the
development of improved ergonomic and educational methods to reduce the risk of low
back injury. The conceptual framework presented here can be used to guide research on
the effect of body mechanics during the lifting process on back injury. There is a need for
further research into understanding the proper techniques for utilizing lifting equipment,
as well as how to proceed when mechanical lifts are not available or practical to be used.
Gender differences have been identified as a risk factor in back injury; however,
there is little research available on the mechanism for this risk factor. The role of gender
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in back injury requires further exploration as there are conflicting data available. With
females comprising the majority of the workforce in healthcare, the biomechanical
differences between the sexes and their relationship to the risk of back injury are of great
interest. This conceptual framework allows for exploration of the biomechanical
differences based on the structural and strength differences between female and male
workers.
2.6. Conclusion
Similar to the findings of Engkvist,47 it was found that the ability of the nurse to
perform their tasks safely is affected by the organization, workplace, and the patient.
While the size and cooperation of the patient is out of the control of the organization, the
availability of lifting equipment and training in its proper use are areas where back injury
prevention can be effective. Understanding the differences between the workers will
allow for the development of lifting and moving educational models that can address
biomechanical risks and have a greater impact on injury prevention efforts.9,93,109
This conceptual framework allows for recognition of parts of lifting that can
affect the biomechanics of each individual. Through the understanding of these
biomechanical differences, more effective methods can be employed to train healthcare
workers to lift with better technique and reduce the risk of injury. The education of a
healthcare worker in proper lifting techniques is essential to reduce the risk of injury
through the development of proper lifting techniques and body mechanics when
performing a task. This training begins during the initial certification training of nursing
school. While the curriculum in nursing school is arduous with regard to the nursing
process and the critical thinking necessary for addressing patient needs, body mechanics
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are not a priority for the training. Often textbooks teach methods of lifting that have the
nurse in awkward and extended positions, shifting their body weight to move patients.34
Lifting techniques should also be taught after graduation to the new nurses by their
mentor; however, the psychomotor skills and practical aspects of patient care are taught
more frequently than a biomechanically sound approach.110 Training employees in proper
lifting techniques and usage of lifting equipment will allow the worker to use proper body
mechanics while utilizing lifting equipment effectively.
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Figure 2.1. Adaptation from Engvist model for interaction of factors leading to
overexertion back injury among nurses.47
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Figure 2.2 Conceptual model for back injury risk factors
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Chapter 3:
Trunk muscle forces and lumbo-pelvic kinematics during the lifting of a patient
from the floor to a standing height
Abstract
The physical demands of nursing have led to registered nurses being the sixth
most likely occupation for a musculoskeletal sprain or strain to occur. Current
preventative safe lifting policies include the use of mechanical lifting devices, limited
manual patient handling, ergonomic modifications to the work space, and patient
handling education, but still leave injury rates high. This novel study identified
common biomechanical risk factors used by nursing students when lifting a simulated
patient secured to a rigid spine board from the floor to a standing height. Data were
collected with 10 photoelectric motion capture cameras and 8 EMG surface sensors
while lifting a 75 kg mannequin from the floor to a standing height. A controlled
anterior rotation of the trunk and pelvis is expected, but larger anterior rotations were
noted in all of the lifters, which has been identified as a risk for back injury. The muscle
activation of the core was minimal for the lifting cycle, indicating a lack of risk
reduction due to spinal stability enhancement from the core. The thigh demonstrated the
largest muscle activation from the rectus femoris during the lift with limited activation
of the posterior chain, or the biceps femoris, gluteus maximus, and erector spinaes. This
can be explained through the nursing students shifting forward on their feet during the
initial lifting phase, placing the force distal on their foot, and generating the movement
through the anterior tibialis and rectus femoris.
Keywords: nursing students, back injury, biomechanics, nursing
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3.1. Introduction
The physical demands required to perform nursing tasks, bending, twisting,
lifting, stretching and standing, put registered nurses (RNs) at increased risk of
occupational low back injuries.111 As a result, RNs rank 6th among all occupations for
musculoskeletal sprains and strains.6,112 Specifically, chronic back pain is reported by
52% of all nurses, with 38% of those nurses reporting pain at a level that requires them to
leave nursing.7,113
Chronicity of low back pain is a significant problem. Machado et al. followed 469
patients who presented to their primary care physician with an episode of low back pain.
Of these patients 33% reported an occurrence of low back pain within one year. A history
of more than 2 episodes of back pain makes the patient three times as likely to experience
a recurrence of that back pain within one year.114 While the specific cause for this
recurrence is not known, it can be hypothesized that following an episode of low back
pain, a person will modify their movement patterns to compensate for the pain
experienced in an effort to avoid reinjuring themselves.4
In efforts to address the significant problem of low back injuries in the nursing
population, safe patient handling and movement policies have been developed and
implemented. These policies include mechanical lifting devices, zero lift policies, and
education in the choosing of and proper use of lifting devices for given patient
scenarios.3,10,12,13,115 Although these policies have been successful in decreasing the
incidence of low back injuries, injury rates persist suggesting the need to further explore
ways to better understand other methods to address the problem. Many of the safe patient
handling and movement policies, such as the use of lifting equipment and zero lift
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policies, are intended to reduce the mechanical demand of lifting on the lower back. It
has been found; however, that even when using a lifting device, workers must function in
a position of poor posture.15
Work postures have traditionally been evaluated using the Ovako Working
Posture Analyzing System (OWAS).116 This system, published in 1977, has served as a
means for an observer to quantify the posture of a worker based on the positions of the
back, upper extremities, and lower extremities.116,117 Postural analysis, using OWAS, of
nurses performing their daily tasks has shown that nurses are in a bad posture over 50%
of the time for almost all of their daily care task, even when using the recommended
lifting equipment.15 This stressful positioning, coupled with the findings that 80% of the
lower back torque experienced during patient lifting and patient movement is a direct
result of the workers own body positioning,48 which places the worker at a great risk for
injury. Although postural analysis offers important information about the positioning of
the body while working, there is a dearth of literature that provides detailed
biomechanical evaluations during nursing movements, including information on the
angles of the joints and the muscle activation which leads to this poor posture.
Previous biomechanical studies have indicated that the angle of the lumbar spine
(pelvis in comparison to the trunk) during the lifting process has effect on the shear force
placed on the vertebral discs,16,17 increasing the risk of injury to the individual lifting
when in a flexed position. The cadaveric studies of Gallagher et al. gave indications that
when placed under a repeated load, failure of lumbar spine tissue occurs more rapidly
with an increased angle of flexion. This failure occurred at 8,253 repetitions at zero
degrees, 3,257 repetitions at 22.5 degrees, and 263 repetitions at 45 degrees.18,19 It can be
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reasoned that the less amount of time an individual performs work in a position of lumbar
flexion the lower the risk of low back injury.
When performing a squatting motion, it is ideal to maintain the pelvis and trunk in
as upright a position as possible to limit the risk of injury.118 This fundamental precept in
weightlifting is often overlooked when training workers to perform tasks. The
achievement of the upright trunk and pelvis, or neutral spine, is dependent upon the
activation of the anterior abdominal muscles, the posterior abdominal muscles, hip
flexors, hip extensors, and pelvic floor musculature.119 The education provided to nurses
related to lifting patients rarely includes discussion on how to achieve the neutral spine or
muscle activation, but focuses on lifting with the legs and not the back while maintaining
the load close to the body. 34 Minimal research is available as to the levels of activation of
the muscles of the core (erector spinaes, external obliques, and rectus abdominus) and the
primary movers of the hip (gluteus maximus, biceps femoris, and rectus femoris).
Therefore the purpose of this study is to observe the joint angles of the pelvis, thorax, hip,
and knee, and the muscle activation achieved during the lifting of a simulated patient,
secured to a rigid spine board, from the floor to a standing position in a sample of healthy
nursing students.
3.2. Methods
3.2.1 Study design
An observational study design was used, wherein nursing students were asked to
lift a 75 kilogram Rescue Randy (Simulaids, Saugerties, NY) mannequin attached to a
rigid spine board, in coordination with the laboratory assistant, from the floor to a point at
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which the participant was standing in an upright position. This study was approved by the
University of Kentucky Medical Institutional Review Board with informed consent
obtained prior to data collection.
3.2.2 Participants
Eleven healthy, senior level nursing students were recruited from a large
university Bachelors of Science in Nursing program in Central Kentucky. A selective
sampling techniques was used to ensure all participants were female, between 155 cm
and 172 cm, with a body mass index (BMI) no greater than 31. The exclusion criteria
were: a) being pregnant, b) placed on work restrictions, c) currently experiencing back
pain, or d) a history of diagnosed back injury.
3.2.3 Data Collection
Participants were asked to wear athletic clothing for ease of marker placement and
were provided athletic footwear during data collection. All reflective properties of the
clothing were covered by tape to not interfere with the data collection. A single trained
researcher placed 61 reflective markers bilaterally on bony landmarks of the trunk, pelvis,
upper, and lower extremities to limit the variability of landmark identification. Kinematic
data were obtained using a photoelectric motion capture system consisting of 10 motion
analysis cameras (Motion Analysis Corporation, Santa Rosa, CA) for both a static, ‘tpose’ standing trial and during three lifting tasks.
The participant’s skin was prepared for electrode placement according to the
protocol from Surface Electrodes for the Non-Invasive Assessment of Muscles
(SENIAM).6,120 The site was shaved to remove any hair, abraded with sandpaper, the oil
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cleaned from the surface with an alcohol swab, and allowed to air dry. Electrodes were
placed according to SENIAM protocol to ensure placement in the same location for each
participant. Muscle activity (EMG) was measured on the right side of the participant for
the medial gastrocnemius (GAS), Gluteus maximus (GMAX) rectus femoris (RF), Biceps
femoris (BF), tibialis anterior (TA), external oblique (EO), rectus abdominus (RA) and
erector spinaes (ES) using surface electrodes. An additional grounding electrode was
placed on the participant’s hand. Muscle activity was detected with DE-2.1 single
differential surface EMG sensor and amplified by a BagnoliTM 16-channel system
(Delsys Inc., Boston, MA, USA). The electrodes have a bipolar AG surface (Delsys Inc.,
Boston, MA, USA) with a fixed inter-electrode distance of 10 mm and are 10 x 1 mm.
3.2.4 Task
Upon the completion of obtaining MVIC values, and a static T-pose, the
participants were instructed to lift the mannequin, attached to the rigid spine board, from
the floor to a position in which they were fully standing, and hold this position for 3
seconds. Each participant lifted from the foot end of the spine board, while the research
assistant lifted from the head end of the board, following the lifting commands of down,
and up from the participant. The movement of lifting an object from the floor to a
standing height was chosen because it closely resembles the foundational movement of
the deadlift in weightlifting,53 and is common practice in nursing to pick an object up
from the floor. The data for the lift were collected from the time the participant made the
first movement in the ascending direction after gripping the board and was considered
complete when the participant was no longer moving upward.
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3.2.5 Data Processing
Data were collected and tracked using Cortex Motion Analysis software then
processed through Visual 3D (C-Motion, Germantown, MD). IBM SPSS version 24
software was used for all statistical analysis.
3.2.6 Data Analysis
Maximal voluntary isometric contraction (MVIC) was obtained for each of the
muscles of interest through the isometric contraction of each muscle against resistance.
Electromyographical activity was normalized as a percentage of MVIC then normalized
to time from 0% to 100% of the lifting cycle. Biomechanical variables of interest
included the angle of the hip, knees, trunk, pelvis, and the lumbar spine, defined as the
differential between the angles of the trunk and pelvis during the lifting motion and were
time normalized for the lift. Mean values of the three lifting evolutions were obtained for
comparison between individuals, with the mean of the means of all participants
determined and reported below.
Rotations of the trunk and pelvis were calculated with respect to the angles when
in an upright with the lumbar spine angle being defined as the difference between the
two. The angle of the hip was determined based on the position of the thigh relative to the
thorax and the knee based on the position of the thigh relative to the shank. Percentage of
the lift duration time spent in a lumbar spine angle associated with the highest risk of
tissue fatigue failure was calculated for each participant. Thoracic and pelvic rotations,
hip and knee angles, lumbar flexion along with EMG activities of trunk and thigh
muscles over the course of lifting cycle (i.e., from 0% to 100%) are depicted in Figures
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3.1 - 3.5. Correlation between the starting angles of the thorax and pelvis and the
percentage of the lift were determined by 2-tailed Pearson correlation using SPSS with a
significance level of p < 0.05. The means for each participant (n = 11) and the total
number of lifts (n = 33) were used in determining correlation. Collection of the lifting
movement was performed on an experienced weightlifter who is also a nurse to provide a
visual reference for “good” lifting form. No statistical analysis was performed using this
collection.
3.3. Results
The average age of the participants was 23.8 ± 4.2 years with an average weight
of 68.1 kg ± 9.6 kg, height of 164 cm ± 7.2 cm, and BMI of 25.4 ± 3 (Table 3.1). On
average the participants spent 2.5 hours per week engaged in weightlifting activities, and
5 hours weekly engaged in an endurance based exercise activity. Of the eleven
participants, three reported having received formal training in weightlifting techniques in
the past.
To reach the board, participants rotated their thorax an average of 66.6 degrees
(38.6 to 96.4 degrees) and their pelvis 27.8 degrees (1.5 to 44.7 degrees) forward from
the upright position. The initial 40% of the lifting cycle showed a slight increase in the
forward rotation of the thorax to 70 degrees and the pelvis to 41.6 degrees forward from
the upright position before achieving a gentle slope toward the upright position. In the
upright position, the thorax remained in a rotation of 13.9 degrees and the pelvis 10
degrees forward of the upright position when not holding the load (Fig. 3.1(a)). The
experienced lifter had a starting forward rotation of the trunk of 50 degrees and the pelvis
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40 degrees and did not experience the increased forward rotation of the pelvis during the
lifting phase (Fig. 3.1(b)).
To reach the board in the starting position, participants had an average hip angle
of 112 degrees and knee angle of 110 degrees. There was a gentle sloping decrease in hip
angle throughout the lift reaching a final angle of 11.6 degrees. The knee maintained a
consistent angle greater than 100 degrees until near the 40% point of the lifting phase
then decreased more rapidly to a final angle of 18.5 degrees at completion of the lift (Fig.
3.2).
Muscle activation for the core and leg muscles were normalized to MVIC and are
demonstrated in Figures 3.3 and 3.4. The erector spinaes showed the highest percentage
of MVIC of the core muscles observed, with a peak of 17% MVIC. The external oblique
muscles were active during the first 35% of the lifting phase then declined, while the
rectus abdominus exhibited the least amount of activation for the lift. As demonstrated in
Figure 3.4, the rectus femoris showed the highest percentage of MVIC with an individual
peak of over 177% of the documented maximum voluntary contraction. The activation of
the rectus femoris begins to decrease at 50% of the lift with the mean leveling out
between 20% and 40%. The biceps femoris and gluteus maximus remain less than rectus
femoris, with the peak gluteus maximus activation remaining below 20%. In the trained
weightlifter, the external oblique demonstrated the highest level of activation then the
core muscles stabilized and were relatively consistent across the remainder of the lift
(Fig. 3.3 (b)). The thigh muscles demonstrated a higher level of activation in the biceps
femoris and gluteus maximus muscles throughout the lifting cycle (Fig. 3.4 (b)).
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Fatigue angles were the final variable of interest for the study. Each trial was
analyzed for the percentage of the lift that the participant remained in an angle greater
than 45 degrees and 22.5 degrees of flexion. These numbers were totaled and the total
percent of the lift during which the participant remained in each lifting angle was
calculated and displayed in Table 3.2. The amount of forward rotation of the thorax
showed correlation to the percentage of the lifting task in which the participant spent in
an angle of fatigue at both 45 and 22.5 degrees (Pearson Correlation .68 (45°) and .64
(22.5°), p < 0.05).
3.4. Discussion
Data for this study were considered from the initial upward movement of the lift;
therefore only the loaded portion of the movement was taken into consideration. An
association was noted between the starting position and the percentage of the movement
which the participant spends in a fatigue angle. This observation lends merit to the idea
that training proper body positioning throughout a lift can decrease the level of fatigue on
the tissues of the lumbar spine, potentially reducing the risk for injury.
The positioning of the thorax and pelvis, in conjunction with the angle of the hip
and knee during the initial 40% of the lifting task indicates that the participants began the
movement by moving their knees forward in space, placing the weight on the ball of their
feet, then raising their hips in the vertical direction while maintaining the thorax rotation
relatively stable, causing the rotation of the pelvis anteriorly. The primary mover of the
hips in the vertical direction are the rectus femoris muscles, indicating the nursing
students are lifting the load with their legs; however, the use of the anterior thigh muscles
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instead of the posterior leg muscles, adds to the forward rotation of the pelvis during the
lift, thus increasing the risk for injury to the lower back (Figure 3.7).
The amount of time a worker spends in the lumbar spine fatigue angles of 22.5
and 45 degrees adds to their risk of injury to the lumbar spine. All participants spent
some percentage of the lifting cycle in the medium risk category of 22.5 degrees or more,
and 5 participants spent a percent of the lifting cycle in the 45 degree, higher risk
category (Figure 3.8). It was noted that the two participants spending the least amount of
time in an angle of increased spinal tissue fatigue, spent time lifting weights and doing
cardio-respiratory exercise weekly and had received previous training in weightlifting
techniques. Gallagher et al. found that at a 22.5 degree angle, the number of cycles
required to produce failure in the spinal segment was reduced to 39%, and at a 45 degree
angle that number was reduced to approximately 3%.78 The participants’ time spent in
these extreme angles increase their risk of experiencing a back injury due to repeated lifts
in poor lumbar spine positioning. Often, the current teaching methods do not specifically
address the extreme positions of a nurse when performing their daily tasks, and teach
only to lift with the legs and not the back and to keep the load close to the body.34 The
development of lifting methods that reduce the amount of time a nurse spends in these
extreme angles while performing their daily tasks should decrease back injury risks, with
the proper body positioning of the nurse when using mechanical lifting devices being
included.
The control of the position of the pelvis during a lift is accomplished through the
coordinated activation of the core muscles as well as the extensors and flexor muscles of
the hip (Figure 3.7). The extensors consist of the erector spinae, the gluteus maximus, and
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the biceps femoris, while the flexors are the rectus femoris, the rectus abdominus, and the
external obliques.121 This core muscle activation allows for the pelvis and the trunk to
maintain proper alignment while lifting. Our findings indicate an imbalance in the muscle
activation of the core muscles and the flexors and extensors, leading to the demonstrated
forward pelvic rotation. Core muscle activation during the lifting cycle was minimal for
the participants. In order to achieve the highest amount of spinal stability, core muscles
activation must be balanced between the anterior and posterior, as well as remain
consistent throughout the lifting cycle.
3.4.1 Limitations
Several limitations were noted including the unknown strength of the rectus
femoris and biceps femoris, a small sample size, participant bias based on wearing the
assessment devices, and the lack of a comparison group. While the results showed a
greater activation of the rectus femoris than the biceps femoris, the force exerted on the
pelvis based on the muscle strength cannot be determined. Although prior research has
indicated it normal for the biceps femoris to be half as strong as the rectus femoris,42, 122
this study did not address the forces placed on the pelvis, or the lower back, so this
limitation did not have an effect on the results. A small sample was obtained for this
study, but with the control for other confounding factors such as height and BMI, the
homogenous sample minimized the limitations for this study. As with any study, when
the participants know what they are being evaluated for, and are wearing added
equipment to collect data, lifting motions and techniques can be changed to attempt to
“improve” upon data findings. This participant bias may have influenced the lifting
techniques of all participants with a demonstrated lifting technique that was more
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biomechanically sound than would be used in the completion of their daily tasks. This
study was an observational study, with a comparison group not being necessary. This
study will need to be replicated in other samples before the results can be generalized for
nursing.
3.5. Conclusion
The lifting of an object from the floor to a standing height is often required in the
performance of nursing tasks during the progression of a work shift. The observed angles
of the trunk, pelvis, hips, and knees demonstrates the nursing student being in positions
of lumbar flexion throughout the lifting cycle, placing them at risk for injury.78,123 The
spinal stabilization provided by the proper activation of the core muscles is not noted in
the nursing students evaluated for this study. Given the minimal activation of the core
muscles in combination with the poor positioning of the trunk and pelvis during the
lifting cycle, the risk for back injury among these nursing students is at a high level.
Weightlifting methods teach the lifter to engage their “posterior chain” when
performing a lift. The nursing students evaluated in this study did not demonstrate
posterior chain activation during the lifting process, but demonstrated a majority of the
lifting force coming from the anterior muscles of the legs. Core muscle activation30,52 and
pelvic control28,124 have been used in the rehabilitation of workers experiencing back
pain, but has limited integration into many training programs for healthcare workers
when addressing safe patient moving and lifting. With the high rate of injury among
nurses, coupled with the aging workforce (50% are over 50 years of age)125 the current
shortage of nurses is at severe risk for increasing. It is imperative that more
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biomechanically sound lifting techniques be taught to nurses in order to reduce the risk of
back injury among nurses.
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Table 3.1 Demographics including age, height in centimeters, weight in kilograms, body
mass index in kilogram per square meter, average hours of weightlifting per week,
average hours of cardiovascular exercise per week, and if the participant has received
formal training in weightlifting.
ID
Number
1
2
3
4
5
6
7
8
9
10
11
Mean
(STD)

Age
32
21
21
22
21
31
22
22
22
27
21
23.8 (4.2)

Height
(cm)
160
175.3
160
170
154.9
154.9
165.1
170.2
157.5
162.6
172.7
164(7.2)

Weight
(kg)
79
81
59
68
61
49
63
70
73
69
77
68.1(9.6)

BMI
31
26.6
23
23.5
25.5
20.8
23.3
24.3
29.6
26.1
25.8
25.4(3.0)
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Hours
Lift
0
5
6
0
1
2
0
8
0
4
0
2.4

Hours
Cardio
0
6
8
0
4
2
14
6
2
5
8
5

Trained
in lifting
N
N
Y
Y
N
N
N
Y
N
N
N

Table 3.2 Percentage of the lifting cycle the participant demonstrated their lumbar spine
in a fatigue angle as compared to the physical activity outside of the work place.
subject

% >45

% > 22.5

Hours
Lift

1

40

86

0

0

N

2

27

87

5

6

N

3

0

11

6

8

Y

4

31

81

0

0

Y

5

37

86

1

4

N

6

61

92

2

2

N

7

0

54

0

14

N

8

0

5

8

6

Y

9

0

20

0

2

N

10

0

29

4

5

N

11

0

85

0

8

N
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Hours
Cardio

Trained
in lifting

52

120
Hip

100

Knee

Angle (°)

80
60
40
20
0

0

20

40

60

80

100

% of lifting phase

Figure 3.2 Mean hip and knee angles during the lifting cycle from 0-100% completion
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Figure 3.5 Mean pelvis to trunk angle with rectus femoris (RF), biceps femoris (BF), and
gluteus maximus (GMAX) muscle activation presented as a percentage of maximal
voluntary contraction during the lifting cycle from 0-100%
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Figure 3.6 Mean gastrocnemius (GA) and tibialis anterior (TA) activation
presented as a percentage of maximal voluntary contraction during the lifting
cycle from 0-100%
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Figure 3.7 Attachment points of the rectus abdominus, external obliques, rectus femoris,
biceps femoris, and erector spinae

58

Figure 3.8 Percentage of the lifting cycle each participant spends in an angle of spinal
tissue fatigue.
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CHAPTER FOUR:
Safe Lifting:
Does Weight training impact work lifting techniques
Abstract
A majority of healthcare workers (71%) report at least one episode of back pain
that can be related to the work environment at some time during their career. Current
prevention measures seek ways to limit the need to manually handle heavy loads in the
workplace; however, low back injury rates still remain high. Previous research indicates
that physical fitness has an impact on the incidence rates of low back injury, even though
the exact mechanism is unknown. In this study, 14 nurses, of similar age, height, and
BMI were included in groups based on if they have received formal training in
weightlifting techniques or if they have not, and were asked to lift a 75 kg mannequin
attached to a rigid spine board, from the floor to a standing height. Between-group
differences were noted in the anterior rotation of the trunk during the lifting cycle as well
as differences in the activation levels of the muscles of the core, specifically the rectus
abdominus muscle. While differences were noted between groups, the level of posterior
chain muscle activation remained low in both groups. There is potential for altering the
biomechanics used during the work day through training in weightlifting techniques.
Keywords: Back injury, weightlifting, nursing, back injury prevention
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4.1. Introduction
A large percentage of healthcare workers (71%) report at least one episode of
work related back pain during their career.8 In 2015, The Bureau of Labor Statistics
reported that musculoskeletal injuries accounted for the majority (53%) of all reported
injuries among healthcare workers6 with overexertion being a main causative factor for
these injuries.9 In light of the introduction of mechanical lifting devices, policy changes,
and ergonomic adjustments to the work environment,3,10,16,20,126 healthcare workers are
still considered one of the most at risk occupations for musculoskeletal injury.7 This high
rate of injury lends merit to the need for developing better preventative strategies,
including total worker health and physical fitness levels of the employee.
Current preventative practice has shown promise in reducing the number of low
back injuries through the use of mechanical lifting devices,3,8 safe patient handling
policies,10,12 and ergonomic education,14,22 by reducing the workload of the lifting
process. With formal no-lift policies in place, the use of mechanical lifts have shown as
much as a 71 % reduction in work related back injury;10 however, not all lifting devices
are equally efficient. It is also noted that as much as 80% of the torque experienced in the
lower back by a worker during the movement of a patient is the result of their own body
positioning.48
Common causes for back injury include; lifting a heavy object, twisting the spine
while lifting, sudden movements when the spine is supporting weight, athletic injuries, or
prolonged poor posture.127 When work is performed with the spine in a flexed or
extended position, added pressure is placed on the lumbar spine, increasing the risk of
injury. Risk of fatigue failure of spinal tissues raise sharply when the lumbar spine is
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loaded under flexed posture. Specifically, threshold of fatigue failure drop to 39% and
3% of ultimate strength of spinal motion segment when the lumbar spine is loaded under
respectively 22.5 and 45 degree flexion posture.78,79 The lumbar spine angle will be
defined in this study as the angle differential between the pelvis and the trunk during the
lifting motion. The time spent in an angle of fatigue increases the risk of injury for the
lift.
Research has indicated that physical fitness has demonstrated a preventive effect
on the incidence rate of low back injury;1,18,128 however, the exact mechanism for this
difference has not been described. The idea exists that cardiovascular training improves
the ability of the muscles to maintain their aerobic capacity during the work shift,87
allowing for proper muscle functioning, and maintenance of proper body positioning
throughout the completion of the shift. Strength training provided for the physical
capacity of the worker to perform the required tasks,86 and allows for the development of
muscle memory to the correct lifting form while performing work.
This novel study examined the biomechanical differences between nurses who
were trained weightlifters and those who were not. The purpose of this study was to
determine the between group differences the angle of trunk, pelvis, hips and knees as
well as the muscle activation when lifting a simulated patient from the floor to a standing
height and the impact of these variables on the time the participant spends with the
lumbar spine in a fatigue angle. It was hypothesized that nurses with a history of formal
training in weightlifting techniques would have a smaller thoracic and pelvic forward
rotation at the lift onset, more activation of core muscles, increased activation of the
muscles of the posterior leg, and a decreased percentage of lift duration spent in a lumbar
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spine angle associated with the highest risk of tissue fatigue failure while lifting a
simulated patient from the floor to a standing height.
4.2. Methods
4.2.1 Study design
A non-randomized, convenience sample to establish a two group study design was
used. Participants were asked to perform a deadlift using a 20 kilogram Olympic weight
lifting bar (Rogue fitness, Columbus OH) from a starting position of six inches above the
ground to determine the skill of the lifter when performing the deadlift movement.
Participants then lifted a 75 kilogram Rescue Randy (Simulaids, Saugerties NY)
mannequin attached to a rigid spine board, in cooperation with the laboratory assistant,
from the ground to a position in which the participant was standing full upright. All study
protocols received approval through the University of Kentucky Institutional Review
Board and informed consent was obtained prior to the start of collection. Sessions lasted
approximately 90 minutes and consisted of a brief demographic survey and three
successful collections.
4.2.2 Participants
Fourteen healthy, nursing personnel were recruited from an academic healthcare
institution in Central Kentucky and split into groups’ dependent upon self-reported
history of having received formal training in weightlifting techniques from a certified
coach or trainer previously or if they had not. All participants for the study were
Caucasian females. The exclusion criteria for the study included: a) the participant being
pregnant, b) on work restrictions in the previous three months, c) previous treatment for
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back injury, or d) physical limitation that would prevent the completion of the prescribed
task.
4.2.3 Data Collection
Athletic clothing was worn for ease of marker placement during data collection.
Researchers provided athletic footwear to limit for reflective properties in various shoes.
To limit the variation in marker placement, a single trained researcher placed reflective
markers (52) bilaterally on bony landmarks of the trunk, pelvis, upper, and lower
extremities. Kinematic data were obtained using photoelectric motion capture system
consisting of 10 motion analysis cameras (Motion Analysis Corporation, Santa Rosa,
CA) for both the static ‘t-pose’ standing trial and during three lifting tasks.
The skin was prepared for electrode placement by shaving any hair, abrading the
surface with sandpaper, then wiping any excess skin oil from the surface with an alcohol
swab and allowing it to air dry. Electrodes were then placed in accordance with the
protocol from The Surface Electrodes for the Non-Invasive Assessment of Muscles
SENIAM).113, 120 Electromyography (EMG) data was measured on the right side of each
participant for the medial gastrocnemius (GAS), Gluteus maximus (GMAX) rectus
femoris (RF), Biceps femoris (BF), tibialis anterior (TA), external oblique (EO), rectus
abdominus (RA) and erector spinaes (ES) through the use of surface electrodes. A
grounding electrode was placed on the participant’s right patella. EMG activity was
detected with DE-2.1 single differential surface EMG sensor and amplified by a
BagnoliTM 16-channel system (Delsys Inc., Boston, MA, USA). The electrodes have a
bipolar AG surface (Delsys Inc., Boston, MA, USA) with a fixed inter-electrode distance
of 10 mm and are 10 x 1 mm. Maximal voluntary contraction of the rectus femoris and
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the biceps femoris were measured via a handheld dynamometer (Hoggan MicroFET) and
normalize to body mass.
4.2.4 Tasks
Following the obtaining of MVIC data, participants were asked to perform a
deadlift using a 20 kg Olympic weightlifting barbell resting at a height of six inches
above the floor. Data were collected from the initial upward movement following the
grasping of the barbell and concluded when the upward movement stopped. Three
collections of this movement were completed. The participant then was instructed to lift
the mannequin, attached to a rigid backboard, from the floor to a fully upright position.
The participant lifted from the foot end of the spine board in cooperation with the
research assistant. Data were collected from the initial upward movement of the
participant and concluded when the participant was in an upright position. Three
collections of this movement were completed.
4.2.5 Data Processing
Cortex Motion Analysis software was used to collect data with further processing
through Visual 3D (C-Motion, Germantown, MD). Time distribution of the mean of the
joint and body segment angles were calculated and plotted for comparison between the
deadlift and the patient lift, as well as comparison between groups. Biomechanical
variables of interest included the angles of the trunk, pelvis, bilateral hips, and bilateral
knees during the lifting motion and were time normalized for each lift. The percentage of
lift duration time spent in a lumbar spine angle of fatigue greater than 22.5° was
calculated for each participant. Correlation was determined through 2-tailed Pearson
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correlation and between group differences through 2-sample t-test using SPSS with a
significance level established of p < 0.05. The means for each participant (n = 14) were
used in determining correlation.
4.2.6 Data Analysis
The maximal voluntary isometric contraction (MVIC) for each of the muscles of
interest was obtained through the flexion of the muscle against resistance.
Electromyographical activity was normalized as a percentage of MVIC then normalized
to time from 0% to 100% of the lifting cycle. Biomechanical variables of interest
included the angle of the knee, hip, trunk, pelvis, and the differential between the two
angles (lumbar spine angle) during the lifting motion and were time normalized for the
lift. Mean values of the three lifting evolutions were obtained for comparison between
individuals, with the mean of the means of all participants determined and reported
below.
Anterior rotation of the trunk and pelvis were calculated with respect to the
upright position with the lumbar spine angle defined as the difference between the two
measures. The angle of the hip was determined based on the position of the thigh relative
to the thorax and the knee based on the position of the thigh relative to the shank. The
group means for muscle activation along with body segment and joint angles were used
for comparison with an independent samples t-test to determine group differences with a
significance level of p < 0.05 being used in calculations. The lifting techniques of the
deadlifts were assessed by an experienced, and certified weightlifting coach based on the
criteria of posterior chain activation, balanced core muscle activation, anterior rotation of
the trunk and pelvis, and the upright positioning of the shank.
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4.3. Results
The average age of all participants was 24.8 ± 2.1 with an average weight of 65.3
kg ± 6.9 kg, height of 164.7 cm ± 5.1 cm, BMI of 23.9 ± 2.4, hours of lifting per week of
3.9 ± 5.9, and hours of cardio 3.3 ± 2.8. No significant differences were noted between
groups for these variables (Tables 4.1, 4.2). Of the trained lifters, three reported training
in functional fitness (participants 7, 10, 13), one in Olympic lifting (participant 4), two in
bodybuilding (participants 1, 12), and one in powerlifting (participant 14).
4.3.1 Strength biceps femoris and rectus femoris
The strength of the biceps femoris and the rectus femoris were determined prior to
beginning the lifting evolutions (Table 4.3). For the combination of all participants, the
mean for the rectus femoris was 214.5 N and for the biceps femoris 133.3 N with a ratio
of the BF:RF of 58.3%, meaning the biceps femoris were had 58.3% as much strength as
the rectus femoris. For those with formal weightlifting training, the mean for the BF was
123 N, RF 194 N, and BF:RF ratio of 60% and the non-trained participants had a mean
BF of 144 N, RF of 235 N, and a BF:RF ratio of 56%. No significant difference was
noted of muscle strength between groups.
4.3.2 Kinematic data
4.3.2.1 Deadlift for trained and non-trained lifter
In reaching to the barbell to begin the lift, the trained lifter had a mean anterior
rotation of the thorax of 67.5 degrees and the pelvis of 50.2 degrees. The initial 35% of
the lifting cycle showed a gradual decrease in thoracic rotation to 56 degrees before
sloping down to zero degrees at 85% of the lifting cycle then proceeding to a 5 degree
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extension of the trunk at the conclusion of the lift. The pelvis remained constant at 44
degrees through the first 40% of the lifting cycle before gently sloping to 6.9 degrees at
the completion of the lift.
The starting position for the non-trained lifter sees a forward rotation of the thorax
of 67.5 degrees and the pelvis of 45.1 degrees. The thorax maintained a forward rotation
of 63 degrees through the initial 35% of the lifting cycle before sloping to 0 degrees of
flexion at the completion of the lift. The pelvis demonstrated a forward rotation to 50
degrees at 32% of the lifting cycle before sloping to 13.5 degrees at the completion of the
lift (Figure 4.1).
The trained lifter had a starting position with the hips at an angle of 103.1 degrees
and the knees an angle of 73.1 degrees. The hip maintained the angle above 90 degrees
until the 35% point of the lift then sloped down to 1.8 degrees at the completion of the
lift. The knees maintained greater than 70 degrees until 20% of the lifting cycle before
gently sloping to zero degrees at the completion of the lift.
The starting position for the non-trained lifter demonstrated a hip angle of 110
degrees and a knee angle of 93.6 degrees. The hip maintained an angle near 100 degrees
to the 30% point of the lifting cycle before sloping to 7 degrees at the completion of the
lift. The knee gently sloped to zero degrees at 80% of the lifting cycle progressing to a
5.3 degree extension at the completion of the lift (Figure 4.2).
Independent sample t-test comparison of the trunk (t 200 = 1.27, p = 0.205), pelvis
(t 200 = -0.3, p=0.761), and the lumbar spine (t 200 = 2.63, p = 0.009) demonstrated the
lumbar spine with the only difference between group, with the trained lifter having a
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lower angle of flexion in the lumbar spine across the duration of the lift. No significant
difference was noted in the angles of the knee (t 200 = 0.44, p = 0.66) or hip (t 200 = -0.006,
p = 0.995) across the lifting cycle (Table 4.4).
The core muscles demonstrated a larger activation of the erector spinaes during
the lift, with higher levels being seen during the first 50% of the lifting motion for the
trained lifter and 70% for the non-trained lifter. Peak activation of the erector spinaes was
40% MVIC for the non-trained lifter and 48% for the trained lifter during this phase. The
rectus abdominus for the trained lifter demonstrated a higher level of activation during
the lift than for the non-trained lifter. The external oblique remained steady throughout
the lift between 5% and 10% MVIC for both trained and non-trained lifters (Figure 4.3).
The trained lifter demonstrated a gluteus maximus activation slightly greater than the
activation of the biceps femoris, gradually sloping to peak activation of 36% at 50% of
the lifting cycle, then sloping back down. The rectus femoris demonstrated the lowest
activation levels, dropping off at 35% of the lifting cycle. The non-trained lifter
demonstrated the largest activation of the rectus femoris during the first 20% of the lifting
cycle, peaking at 41% MVIC before decreasing. The biceps femoris becomes the highest
activation level at 32% of the lifting cycle, peaking at 29% MVIC at 50% of the lift then
sloping back down in activity. The gluteus maximus followed the biceps femoris
throughout the lift (Figure 4.4). For the untrained lifter, the lift demonstrated tibialis
anterior activation of 21% to start the lift with the gastrocnemius having an initial
activation near 8% MVIC. The gastrocnemius takes over as the dominant shank muscle at
27% of the lifting movement. The trained lifter demonstrated a similar activation of the
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tibialis anterior muscle at 21% MVIC at the start of the lift, achieving relatively equal
coactivation at the 66% point of the lifting cycle near 11% (Figure 4.5).
Independent sample t-test comparison of the core muscles, the rectus abdominus
(t 200 = -16.3, p = 0.017), external oblique (t 200 = -16.187, p < 0.001), and the erector
spinaes (t 200 = -3.267, p = 0.001) demonstrated a significant difference between the
activation of all core muscles, with the trained weightlifter showing a higher level of
activation than the untrained lifter. All muscles of the legs demonstrated a significant
difference in level of activation with the biceps femoris (t 200 = -2.89, p = 0.004), gluteus
maximus (t 200 = -9.266, p < 0.001), and tibialis anterior (t 200 = -9.954, p < 0.001)
exhibiting a higher level of activation in the trained lifter while the rectus femoris (t 200 =
4.626, p < 0.001) and the gastrocnemius (t 200 = 2.402, p < 0.001) showed more activation
in the untrained lifters (Table 4.5).
The assessment of the lifting techniques demonstrated participants 4, 7, 9, 13, and
14 with good lifting technique including body segment angles, posterior chain activation,
and core muscle activation. Participants 1, 2, and 12 displayed fair lifting techniques,
while participants 3, 5, 6, 8, and 11 were judged as poor lifting techniques for the deadlift
when assessed for body segment angles, posterior chain activation, and core muscle
activation.
4.3.2.2 Patient lift for trained and non-trained
In reaching to the spine board to begin the lift, the trained lifter had a mean
forward rotation of the thorax of 45.7 degrees and the pelvis of 27.1 degrees. The initial
60% of the lifting cycle showed a gradual decrease in thoracic rotation to 34 degrees

70

before sloping down to zero degrees at 95% of the lifting cycle and remaining there
through the conclusion of the lift. The pelvis demonstrated a gradual slope to a 36 degree
forward rotation at 50% of the lifting cycle, then gradually sloped to 10 degrees of
forward rotation at the completion of the lift placing the lumbar spine at 10 degrees
extension.
The starting position for the non-trained lifter showed a forward rotation of the
thorax of 67.6 degrees and the pelvis of 45.7 degrees. The thorax maintained a forward
rotation of 55.4 degrees through the initial 50% of the lifting cycle before sloping to zero
degrees rotation at 95% of the lifting cycle and remaining through the completion of the
lift. The pelvis demonstrated an increased forward rotation to 51 degrees at 40% of the
lifting cycle before sloping to 12.2 degrees of forward rotation at the completion of the
lift placing the lumbar spine at 12.2 degrees extension (Figure 4.6).
The trained lifter achieved a starting position with the hips at an angle of 97.7
degrees and the knees an angle of 87.6 degrees. The hip angle gently slopes to 74.4
degrees at 60% of the lifting cycle before decreasing more rapidly to 10.6 degrees at the
completion of the lift. The knee angle gently sloped to 50.5 degrees at 65% of the lifting
cycle before sloping more rapidly to zero degrees at the completion of the lift. The
starting position for the non-trained lifter demonstrated a hip angle of 120.9 degrees and a
knee angle of 106 degrees. The hip maintained an angle greater than 107 degrees to the
40% point of the lifting cycle before sloping to 10.6 degrees at the completion of the lift.
The knee gently sloped to zero degrees at 89% of the lifting cycle progressing to a 3.2
degree extension at the completion of the lift (Figure 4.7).
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Independent sample t-test comparison of the trunk (t 200 = 2.602, p = 0.01), pelvis
(t 200 = 7.139, p < 0.001), and the lumbar spine (t 200 = -2.967, p = 0.003) demonstrated a
significant difference between groups. No significant difference was noted in the angles
of the knee (t 200 = -1.646, p = 0.101) or hip (t 200 = -0.620, p = 0.536) across the lifting
cycle (Table 4.6).
The core muscles demonstrated a larger activation of the erector spinaes during
the lift, with higher levels seen during the first 80% of the lifting motion for both the
trained lifter and the non-trained lifter. Peak activation of the erector spinaes was 42%
MVIC for the trained lifter and 38% for the non-trained lifters during this phase. The
rectus abdominus for the trained lifter demonstrated a higher activation during the lift
than for the non-trained lifter. The external oblique remained steady throughout the lift
between 5% and 10% MVIC for both trained and non-trained lifters (Figure 4.8). The
trained lifter demonstrated an initial rectus femoris activation of 22.3% increasing to 52%
at 36% of the lifting cycle before decreasing at the 50% point. The biceps femoris and
gluteus maximus initially demonstrated 13% activation gradually increasing to a peak of
23% at 82% of the lifting cycle. The biceps femoris becomes the dominate mover for the
lift at 48% of the lifting cycle. The non-trained lifter demonstrated activation of the
rectus femoris beginning at 28.4% MVIC and increasing to 47% MVIC at 14% of the
lifting cycle, remaining there until 32% of the lifting cycle, then gradually decreasing.
The biceps femoris activation initially is 14% MVIC, increasing with a gentle slope to
25% MVIC at 77% of the lifting cycle before sloping back down. The biceps femoris
becomes the dominate mover for the lift at 70% of the lifting cycle. The gluteus maximus
shows initial activation of 13% MVIC and demonstrated a gradual slope following the
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biceps femoris (Figure 4.9). Both trained and non-trained lifters demonstrated tibialis
anterior activation greater than gastrocnemius during the initial phase of the lifting cycle
(Figure 4.10).
Independent sample t-test comparison of the core muscles, the rectus abdominus
(t 200 = -16.3, p = 0.017), external oblique (t 200 = -16.187, p < 0.001), and the erector
spinaes (t 200 = -3.267, p = 0.001) demonstrated a significant difference between the
activation of all core muscles, with the trained weightlifter showing a higher level of
activation than the untrained lifter. All muscles of the legs demonstrated a significant
difference in level of activation with the biceps femoris (t 200 = -2.89, p = 0.004), gluteus
maximus (t 200 = -9.266, p < 0.001), and tibialis anterior (t 200 = -9.954, p < 0.001)
exhibiting a higher level of activation in the trained lifter while the rectus femoris (t 200 =
4.626, p < 0.001) and the gastrocnemius (t 200 = 2.402, p < 0.001) showed more activation
in the untrained lifters (Table 4.5).
Significant differences were noted between nurses who have been formally
trained in weightlifting techniques and those who have not been trained in the activation
of the gluteus maximus (t 200 = -2.931, p = 0.003), tibialis anterior (t 200 = -7.063, p <
0.001), gastrocnemius (t 200 = 10.473, p < 0.001), rectus abdominus (t 200 = -49.304, p <
0.001), external obliques (t 200 = -12.372, p < 0.001), and erector spinaes (t 200 = -6.923, p
< 0.001) (Table 4.7).
4.4. Discussion
In this study, it was expected that differences would be noted in the rotation of the
trunk and pelvis, angles of the hips and knees, and muscle activation of the core and thigh
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muscles when lifting a simulated patient from the floor to a position of fully upright
standing position between nurses who have received formal training in weightlifting
techniques and those who have not. It was also suspected that formal training in
weightlifting techniques would impact the percentage of the lifting cycle the participant
spent in a lumbar angle of fatigue. Data were presented for both groups performing a
deadlift and a simulated patient lift from the floor.
The rotation of the trunk and pelvis, angles of the hips and knees, and core muscle
activation were similar between groups during the deadlift; however, the angle of the
lumbar spine was decreased in the group that had received formal training in
weightlifting techniques. The muscle activation in the legs was significantly different
between groups for all muscles tested. A larger amount of activation was noted for the
trained weightlifters in the biceps femoris, gluteus maximus, tibialis anterior, rectus
abdominus, external obliques, and erector spinaes, while the nurses with no previous
formal training demonstrated higher muscle activation in the rectus femoris and
gastrocnemius muscles. The increased core activation and engagement of the posterior
chain can be explained by the trained lifter having knowledge of the lifting movement,
and knowing the proper lifting techniques as each component is fundamental in
weightlifting training. The forward shifting of the weight on the ball of the feet that is
indicated based on the activation of the tibialis anterior can be explained through the
differences in the weightlifting training techniques.
Anterior rotation of the trunk and pelvis along with the angle of the lumbar spine
were significantly different between groups, with the trained weightlifter demonstrating a
more upright posture. This posture is consistent with postures seen among competitive
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weightlifters. The activation of the thigh muscles were not significantly different
throughout the entire lifting cycle, even in the presence of activation sequencing
differences noted through the visual representation in Figure 4.9. This activation
sequencing may explain the differences seen in the trunk, pelvis, and lumbar spine
angles. Significant differences were noted in the muscle activation of the core muscles as
well, with the trained weightlifter demonstrating higher amounts of muscle activation in
all muscles tested.
Previous studies have given indication that the loading of the spine can be
influenced by the an increase in intra-abdominal pressure, and the posture taken when
moving a load.31 Abdominal muscle bracing has given indication in increasing spinal
stability during loading of the spine60 and are valuable tools in limiting the risk of low
back injury.28,31,59 Both movements examined demonstrated an improved posture, relative
to the angles of the trunk, pelvis, and lumbar spine, as well as increased activation of the
core muscles among those participants that have received formal training in weightlifting
techniques. These findings are consistent with the techniques taught in weightlifting
techniques.32,53
Differences were found in the lifting techniques employed within the group
having received formal weightlifting training in the past, giving indication that different
training methodologies and different coaches teach slight variations to weightlifting form.
A previous study of high level powerlifters, when performing a deadlift, gave indication
of less forward rotation of the trunk when reaching for the load, more flexion of the knee
and hip during the lift, and an upright shank, allowing for the activation of the posterior
chain through the lift.27 This technique is consistent with the idea of pushing through the
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proximal portion of the foot, or the heel, when lifting from the floor, or performing a
squatting motion. This procedure allows for the activation of the posterior chain,
improving spinal stability during the lifting process.32
While differences are noted between those nurses that are trained in weightlifting
techniques, both groups gave indication of a lack of posterior chain dominance in the
lifting motion, leaving room for improvement. To further understand the effect
weightlifting training has on the performance of nursing tasks a clinical trial with
controlled teaching methods will need to be performed.
4.5. Limitations
Several limitations were noted during the completion of this study. The
homogenous nature of the sample, and small sample size, did not allow for the
developing of statistical significance between variable. By controlling for confounding
variables of age, gender, height, and BMI, the sample size did not have an impact on the
study. There was no way to determine the level of training which the “trained
weightlifters” had received. While this limitation does not allow for the researchers to
generalize the findings, future studies will have specific weightlifting techniques taught
to determine the effect. The method used to determine MVIC for the erector spinaes was
also a limiting factor. The results are not consistent with other studies.26,27,37 While future
studies should employ a different method for determining the MVIC of the erector
spinae, noting the findings as a percentage of the participants efforts in an observational
study did not cause this limitation to impact this study.
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4.6. Conclusion
It was hypothesized that a history of formal training in weightlifting techniques
will produce an improvement on the angles of the trunk, pelvis, hips, and knees, muscle
activation of the core and legs, and the amount of time the nurse spends in an angle of
fatigue while lifting a simulated patient from the floor to a standing height. While
differences were observed between groups, clinical trials are necessary to determine the
effect of weightlifting techniques on the angles of trunk, pelvis, hips, and knees and the
muscle activation of the muscles of the core and legs.
Weightlifting techniques teach the maintaining of a neutral spine and the
activation of the posterior chain when performing a lifting task.32,53,129 While the nurses
who were trained in weightlifting had improved body positioning and muscle activation,
there remained biomechanical risk factors that can be improved upon. The training in
weightlifting techniques gave indication of improvements in the biomechanical risk
factors, lending merit to the idea of using weightlifting training to develop better
biomechanics when performing nursing tasks.
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Table 4.1 Demographic data for participants. Non-trained (n=7), trained (n=7)
Age (years)

Height (cm)

Weight (kg)

BMI (kg/m2)

Hours Cardio
Hours Lift

Non-trained

24.9 (2.6)

Trained

24.9 (2.6)

Non-trained

164.4 (5.2)

Trained

165.1 (5.5)

Non-trained

63.8 (5.7)

Trained

66.5 (8.1)

Non-trained

23.5 (2.3)

Trained

24.4 (2.5)

Non-Trained
Trained
Non-trained
Trained

4.1 (3.4)
3.3 (2.9)
1.3 (1.1)
6.6 (7.5)
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Table 4.2 Demographic data for all participants
ID
1
2
3
4
5
6
7
8
9
10
11
12
13
14

age
25
25
30
26
23
25
24
22
23
27
25
26
23
23

Height
BMI
(cm)
(kg/m2)
170.2
21.3
165.1
20.2
170.2
22.7
172.7
23.6
165.1
27.5
165.1
23.6
165.1
24.1
157.5
24.7
170.2
21.8
162.6
26.6
157.5
24.3
167.6
28.7
160.0
22.5
157.5
23.8

Formal Hours
Hours
>22.5 >22.5
Trained lift
cardio LC
DL
Y
0
3.5
10
10
N
1
8.5
0
0
N
1
2
69
74
Y
4
4
0
0
N
3
6
0
15
N
0
0
72
57
Y
6
8.5
0
0
N
2
2
56
0
N
1
3
0
0
Y
0
0
51
46
N
0
1
16
12
Y
5
4.25
0
0
Y
9
3
24
0
Y
22
0
18
0
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Table 4.3 Maximal Voluntary Isometric Contraction (MVIC) derived from dynamometer
force readings for participants based on comparison of receiving formal training in
weightlifting techniques. Two-sample t-test results

MVIC BF

MVIC RF

Ratio
BF:RF

Min

Max

Mean

Std
Dev

T (df)

Sig. (2tailed)

Trained (n=7)

97.21

188.05

123.00

34.31

1.18 (12)

0.263

Non-Trained
(n=7)

134.5

223.55

143.61

31.19

Trained (n=7)

179.48

303.45

194.03

29.44

1.73(12)

0.118

Non-Trained
(n=7)

222.2

406.05

235.06

29.44

Trained (n=7)

50.95

67.55

60.15

5.95

-.706(12)

0.499

Non-Trained
(n=7)

37.40

68.74

56.47

12.48
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Table 4.4 Independent Samples test for body segment and joint angles during dead lift
Variable
Trunk
Pelvis
Lumbar spine
Hip
Knee

Trained/non
Trained
Non-trained
Trained
Non-trained
Trained
Non-trained
Trained
Non-trained
Trained
Non-trained

Mean
34.401
39.100
33.831
33.165
2.467
6.141
59.780
59.748
36.912
38.877

T
1.272

Df
200

Sig (2-tailed)
0.205

-0.305

200

0.761

2.626

200

0.009

-0.006

200

0.995

0.440

200

0.661
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Table 4.5 Independent samples test for muscle activation during deadlift
Variable
Biceps femoris
Rectus femoris
Gluteus Maximus
Tibialis Anterior
Gastrocnemius
Rectus Abdominus
External Oblique
Erector spinaes

Trained/non
Trained
Non-trained
Trained
Non-trained
Trained
Non-trained
Trained
Non-trained
Trained
Non-trained
Trained
Non-trained
Trained
Non-trained
Trained
Non-trained

Mean
0..209
0.184
0.104
0.164
0.217
0.148
0.133
0.074
0.080
0.084
0.076
0.048
0.076
0.064
0.316
0.274

ST Dev
0.004
0.004
0.002
0.015
0.004
0.002
0.002
0.002
<0.000
<0.000
<0.000
<0.000
<0.000
<0.000
0.012
0.004
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T
-2.890

Df
200

Sig (2-tailed)
0.004

4.626

200

<0.001

-9.266

200

<0.001

-9.954

200

<0.001

2.402

200

<0.001

-16.300

200

0.017

-16.187

200

<0.001

-3.267

200

0.001

Table 4.6 Independent Samples test for body segment and joint angles during
patient lift
Variable
Trunk
Pelvis
Lumbar spine
Hip
Knee

Trained/non
Trained
Non-trained
Trained
Non-trained
Trained
Non-trained
Trained
Non-trained
Trained
Non-trained

Mean
29.594
41.031
26.247
34543
3.908
9.299
69.134
75.129
54.473
55.109

T
3.802

Df
200

Sig (2-tailed)
<0.001

4.881

200

<0.001

3.907

200

<0.001

1.131

200

.259

0.126

200

.900
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Table 4.7 Independent samples test for muscle activation during patient lift
Variable
Biceps femoris
Rectus femoris
Gluteus Maximus
Tibialis Anterior
Gastrocnemius
Rectus Abdominus
External Oblique
Erector spinaes

Trained/non
Trained
Non-trained
Trained
Non-trained
Trained
Non-trained
Trained
Non-trained
Trained
Non-trained
Trained
Non-trained
Trained
Non-trained
Trained
Non-trained

Mean
0.198
0.194
0.275
0.240
0.178
0.157
0.152
0.003
0.073
0.128
0.344
0.049
0.090
0.072
0.344
0.286

ST Dev
<0.001
0.002
0.019
0.027
0.001
0.004
0.003
0.003
0.001
0.002
0.004
<0.000
<0.000
<0.000
0.004
0.003
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T
-0.716

Df
200

Sig (2-tailed)
0.474

-1.635

200

0.104

-2.931

200

0.003

-7.063

200

<0.001

10.473

200

<0.001

-49.304

200

<0.001

-12.372

200

<0.001

-6.923

200

<0.001

Trained to untrained comparison of deadlift
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Figure 4.1 Comparison of the trunk and pelvic rotation during the deadlift between the
trained lifter and the non-trained lifter from 0-100% of the lifting cycle.
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Trained to untrained comparison of deadlift
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Figure 4.2 Knee and hip angles during the deadlift between the trained lifter and the nontrained lifter from 0-100% of the lifting cycle.
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Figure 4.3 Core muscle activation, represented as a percentage of maximal voluntary
isometric contraction during the deadlift between the trained lifter and the non-trained
lifter from 0-100% of the lifting cycle.
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Figure 4.4 Gluteus maximus (GMAX), biceps femoris (BF), and rectus femoris (RF)
muscle activation represented as a percentage of maximal voluntary isometric contraction
during the deadlift for the trained and non-trained lifters from 0-100% of the lifting cycle.
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Figure 4.5 Shank muscle activation represented as a percentage of maximal voluntary
isometric contraction during the deadlift for comparison between the trained and the nontrained lifter from 0-100% of the lifting cycle.
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Figure 4.6 Trunk and pelvic rotation during the patient lift for comparison between the
trained and the non-trained lifter from 0-100% of the lifting cycle.
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Figure 4.7 knee and hip angles during the patient lift for comparison between the trained
and the non-trained lifter from 0-100% of the lifting cycle.
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Figure 4.8 Core muscle activation represented as a percentage of maximal voluntary
isometric contraction during the patient lift for comparison between the trained and the
non-trained lifter from 0-100% of the lifting cycle.
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Figure 4.9 Guteus maximus (GMAX), biceps femoris (BF), and rectus femoris (RF)
muscle activation represented as a percentage of maximal voluntary isometric contraction
during the patient lift for the trained and untrained lifter from 0-100% of the lifting cycle.

93

Figure 4.10 Tibialis Anterior (TA) and gastrocnemius (GAS) activation represented as a
percentage of maximal voluntary isometric contraction during the patient lift for
comparison between the trained and the non-trained lifter from 0-100% of the lifting
cycle.
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CHAPTER FIVE:
Conclusions
5.1. Background and purpose
The purposes of this dissertation were to identify the biomechanical risk factors
routinely encountered by healthcare workers during the performance of a routine lifting
task and determine if there is a difference in biomechanics between nurses who have
received formal training in weightlifting and those who have not. Prior to the completion
of biomechanical analysis of one common nursing movement, a literature review was
conducted to develop a conceptual framework of factors that increase the risk of back
injury. Based on this framework, confounding factors were controlled for in an
observational study of senior level nursing students that identified variables of interest in
the lifting process. These identified variables were then examined in a between-group
comparison study of nurses who are trained in weightlifting techniques and nurses who
were not trained in weightlifting techniques.
Current back injury prevention methods include ergonomic adjustments to the
work environment, the use of mechanical lifting equipment, institutional zero lift policies,
and the teaching of lifting techniques. While these methods have shown great
improvement in injury reduction, the injury rates remain high. Previous researchers found
that even when using mechanical lifting devices, the improper body positioning of the
worker adds to the force on the lower back.15,48 The identification of worker body
positioning being a causative factor in the increased injury risk identifies the significant
gap in the knowledge identifying the biomechanics being used by nurses when
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completing their tasks. Through the obtaining of this knowledge, areas of improvement
can be identified to develop improved education of proper lifting techniques in the future.
5.1.1 Defining proper lifting techniques in the healthcare setting
Currently the teaching of safe patient handling techniques is outdated in
methodology and does not teach biomechanical fundamentals congruent with the use of
mechanical lifting devices,10 and are therefore not a supported method for promoting
injury prevention.7 While scant information exists on the biomechanics being used in
nursing movements, large amounts of data are available in weightlifting and injury
rehabilitation programs. While exercise programs are frequently used in the prevention2628

and rehabilitation29-31 of low back pain among athletes and workers they are rarely

incorporated in teaching injury prevention among healthcare workers. This dissertation
compares the biomechanics employed by the nurses while performing the patient lift
from the floor to a standing height, to the more safe lifting techniques taught and used by
weightlifters when performing the squat and the deadlift.
Core Stabilization is a critical component in the lifters ability to maintain spinal
stability during the lifting motion in weightlifting and must be employed in daily work
tasks to minimize injury risks. Bliss et. al. defines core stabilization techniques which
include core strengthening, muscular fusion, lumbo-pelvic stabilization, and dynamic
stabilization.28 The activation of the core is the first step in any weightlifting movement
and includes activation of both the anterior and posterior trunk muscles which assist in
the generation of force, beginning in the core and being transferred through the limbs.28,32
Activation of the anterior and posterior surface core muscles is analyzed in this
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dissertation for comparison to the core activation levels identified in common
weightlifting movements.
Previous studies have indicated a lower amount of force on the spine when the
power generated for a lifting task is generated from the lower extremities with a
stabilized core.33 While this supports the current educational model of lifting with the
legs instead of the back, proper generation of power from the legs with a stabile core are
not addressed. This dissertation observes the activation of the muscles of the legs and
compares this muscle activation to the activation levels identified during the deadlift,
which most closely emulates the nursing movement used for the two studies.
Throughout the work shift, nurses perform multiple tasks that place there body in
a position of flexion or extension, often while handling a heavy load. The basic
movement of lifting an object from the floor to a standing height is frequently performed
by the nurse and will serve as a starting point in understanding the biomechanics
employed by the nurse. The movement of lifting an object from the floor, or with the
hands below the level of the waist resembles the deadlift movement, a foundation in
Olympic lifting, functional lifting, and powerlifting training.53 The focus on this
foundational movement pattern will serve as the baseline for addressing nursing
biomechanics during other lifting and moving tasks.
When training a nurse to lift, we indicate they should lift with the legs and not the
back while keeping the load close to their bodies,7,34 but what is the proper way of doing
this? While there is no defining correct way to lift in nursing, one can emulate the
techniques used in weightlifting allowing athletes to more safely lift large amounts of
weight. In weightlifting, the fundamentals for completing a safe lift include the activation
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of the core muscles, having a stable base with shoulders in a stable position, loading of
the hips and hamstrings at the beginning of the lift, and maintaining the shins as vertical
as possible during the lift.32 These foundations used in weightlifting must be addresses
when attempting to teach safe lifting in the work environment and will be used as a
comparison to the techniques used by the nurses when completing the lift from the floor
to a standing height.
The purpose of this chapter is to synthesize the findings of this dissertation. This
chapter will also advance the science of lower back injury prevention, through the
identification of current lifting techniques used by nursing students and new graduate
nurses, and make recommendations for future research.
5.2. Summary of findings
Chapter Two presented a review of the literature to develop a conceptual
framework to guide the research of this dissertation. Current injury prevention methods
are focused on the Engkvist model for the accident process linking the organization, the
workplace, the patient, and the nurse47 to the injury process. Current practice hinges on
the organization and the workplace through the use of ergonomic adjustment of the work
environment, policy change, the use of mechanical lifting equipment, and educational
offerings, but does not focus on the worker themselves. The model developed in this
chapter incorporates total worker health in identifying common risk factors for back
injury. Muscle fatigue was identified as the overarching theme that directly impacts the
biomechanical risk factors of back injury. The characteristics of the worker, and the
workload/ duration of the work hours were identified as contributing factors to the levels
of fatigue.
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The model developed indicates the worker characteristics identified to influence
lumbar spine fatigue; age, gender, height, body mass index (BMI), and recreational
activities outside of the work environment, with only the last two are modifiable risks. It
is well accepted in the healthcare community that BMI impacts health problems such as
diabetes, hypertension, heart disease, stroke, cancer, kidney disease, and others,130 but is
not readily seen as a risk for musculoskeletal injury in the healthcare environment.80 The
anatomical changes noted in the workers based on an increase in BMI82 coupled with the
varied center of mass and center of spinal rotation,83 the loading of the lower back is
affected,84,85 in turn increasing the risk of back injury.75 By identifying worker
characteristics that increase injury risk, we can control for these factors during
biomechanical evaluations, and move toward a total worker health model of injury
prevention. Through a total worker health model, including BMI, physical exercise
programming, and evidence based lifting techniques, the risk for back injury can be
reduced.
Chapter Three is a biomechanical analysis of the lifting techniques used by
nursing students when lifting a simulated patient from the floor to a standing position to
identify biomechanical risk factors commonly seen during the performance of nursing
tasks. Data collected indicated a similar forward trunk angle to previous deadlift
analysis41 with a forward leaning posture of 66 degrees; however, while the rotation of
the trunk is consistent, the angle of the hip decreases more rapidly in the nursing students
than is noted during the deadlift. This decrease in hip angle gives indicate a straightening
of the legs then completing the lift by rotating the trunk in the posterior direction at the
completion of the lift. This straightening of the legs while maintaining the trunk rotation
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contributes to the participant spending a percentage of the lifting cycle in an angle of
spinal tissue fatigue (22.5 and 45 degrees), increasing the risk of injury.78,79
Muscle activation of the core was dominated by the erector spinaes while the
rectus femoris dominated the thigh muscle activation. During the deadlift, it was found
that the rectus abdominus and external oblique demonstrated a higher level of activation
and the biceps femoris having a higher activation than the rectus femoris.38 The reduced
muscle activation limited the amount of intra-abdominal pressure, therefore limiting core
stability.31 The activation of the rectus femoris being higher for the nursing student than
during the performance of the deadlift can be explained in the angle of the shank. In the
deadlift the shank remains relatively vertical throughout the movement27,38,39 while
tibialis anterior activation, in conjunction with the angles of the hip and knee, indicates
that the shank is not remaining in a vertical position and the participant shifted forward
on their foot during the lifting cycle, and in turn limited their ability to engage their
posterior chain during the lifting phase.
Chapter four is a comparative biomechanical analysis between nurses who have
received formal training in weightlifting techniques and those who have not received
formal training in weightlifting to determine the effect of weightlifting activities on the
biomechanics used in the work environment. Differences were noted in the angle of the
trunk, pelvis, and lumbar spine during the lifting cycle between groups with the trained
lifter having less anterior rotation of the trunk and pelvis, and a smaller lumbar spine
angle. These findings more closely resemble the movement patterns identified in previous
deadlift analysis.27,38,39,41 The hip and knee angles of the trained lifter was also more
consistent with the hip and knee angles demonstrated during the deadlift.27,38,39,41

100

Significant differences were noted between groups for the angle of the trunk,
pelvis, and lumbar spine during the patient lifting activity. The analysis of the same
participants performing a deadlift with a 20 kg barbell showed only a significance in the
angle of the lumbar spine. It is thought that the trained weightlifters changed their
mechanics to provide more stability when lifting the 75 kg mannequin due to their
knowledge that this was a greater load. This may also explain the differences noted in the
activation of the biceps femoris and the rectus femoris between lifts. The deadlift showed
a significant difference in the activation of the rectus femoris, biceps femoris, and gluteus
maximus, while the patient lift demonstrated only a significant difference in gluteus
maximus activation.
Muscle activation of the core was dominated by the erector spinaes and the rectus
femoris muscle dominated the thigh muscle activation for both groups. The group trained
in weightlifting demonstrated statistically significant differences in the activation of the
core muscles with a larger activation than seen in the non-trained lifter. This larger
muscle activation indicates more core stabilizing ability in the trained lifter during the
lift. While the activation levels did not achieve those found in the previous deadlift
analysis,38 the premise of core stability improvement was noted. Both groups exhibited a
large amount of tibialis anterior activation as well as similar hip and knee angle
reduction, indicating a shifting of the force through the distal portion of the foot, again
limiting the ability to engage the posterior chain.
5.3. Impact of the dissertation on the state of the science
Current back injury prevention includes the use on mechanical lifting devices,
ergonomic adjustments made to the work space, the implementation of zero lift policies,
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and lifting education. While improvements have been made in the injury rates related to
the implementation of these policies, little is known about the biomechanics being used
by nurses when completing their daily tasks. Little research exists to guide the training of
nurses in proper body mechanics when performing a patient movement that limit the
incidence of low back injury, with the accepted knowledge that training in lifting alone
will not be adequate means of injury prevention.10 The use of mechanical lifting
equipment still requires a worker to function in a position of poor posture,15 very little has
been done to address the training of workers in how to position themselves while using
lifting equipment.10
This dissertation identifies variables in the nurse that effect muscle fatigue, and in
turn, the biomechanics utilized by nurses during the lifting process. The biomechanics
used by nurses during the lifting of a simulated patient from the floor to a standing height
were then identified, revealing that the angle of the trunk and the pelvis, in combination
with the activation sequence of the thigh muscles and percentage of activation effected
the percentage of time spent with a lumbar spine fatigue angle greater than 22.5 degrees.
While these variables gave indication of effecting the angle of the lumbar spine, the
differences between a nurse that was trained in weightlifting techniques and one who was
not was unknown.
While differences were noted in the body mechanics used by a nurse trained in
weightlifting compared to one that has not, the trained weightlifters did not exhibit the
desired biomechanics typically used by competitive weightlifters. The differences in shin
positioning, core activation, and posterior chain involvement do indicate an improvement
in body positioning during the lifting process, and a potential reduction in back injury
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risk. These noted differences lend merit to the idea of using the teaching of weightlifting
techniques, through a clinical trial, to develop more effective lifting techniques for
nurses.
This dissertation represents a critical contribution to the literature in the
advancement of low back injury prevention among nurses in that it identifies common
biomechanical flaws employed by nurses, which in turn, allows for the development of
specific educational offerings to address these and improve current preventative
strategies. Proper lifting biomechanics in combination with zero lift policy
implementation, mechanical lifting device utilization, and appropriate education on the
positioning of the body when using lifting equipment, can reduce the risk for back injury
in nurses.
5.4. Implications for future research
In the presence of time constraints, space limitations, and emergency conditions,
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the use of lifting equipment is not always practical, making the improvement of

lifting biomechanics imperative to maintain a healthy workforce. Future research should
examine methods of improving upon the basic nursing movement of lifting an object
from the floor to a standing height, and extend to the motion of sitting down and standing
up, which resembles the squatting motion in weightlifting. Clinical trials should be
conducted to determine the best teaching methods to improve upon these basic nursing
movements, and then determine the impact this training has on the biomechanics utilized
when performing other common tasks.
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The activities which a worker participates in outside of the workplace has an
impact on the performance of their tasks at work. This idea needs further research to
identify the best type of activity for the worker to participate in and the frequency in
which they should participate. The weight and body mass index (BMI) of the worker
impacts their biomechanics and must be included in this research. The determination of
the presence of improved work place biomechanics based on improvements in the overall
health of the worker is crucial. Total worker health is a critical component in injury
prevention efforts.
Following the determination of ways to improve the biomechanics of the basic
movements utilized by nursing, teaching strategies which implement the same lifting
principles as seen in weightlifting can be tested and developed. The effect of these
teaching strategies can be tested through clinical trials to determine the long-term
sustainability of improved body mechanics of nurses. Following the validation of this
teaching strategy, the effect the intervention has on back injury rates can be evaluated
through the completion of prospective clinical trials. With the improved teaching
incorporating evidence based lifting techniques incorporating proper body positioning
and muscle activation,32,53,129,132 back injury risk can be reduced.
5.4.1 Implications for policy and practice
Zero lift policies have shown promise in reducing the number of back injuries
among nurses;3,12,13 however, back injuries remain high. The incorporation of total
worker health, addressing the physical activities outside of the workplace and BMI, must
be incorporated into facility policies. Engkvist et al.47 found the injury links between the
organization, the workplace, the patient, and the nurse, leading to current policies of zero
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patient lifting, and use of mechanical lifting devices. The addition of total worker health
into policy will lead to a culture of health among nurses, and decreased risk for low back
injury.
Back injury is a known, and often accepted risk in the nursing occupation;
however, improvements in the injury rates can be made. The total health of the nurse,
specifically the risk factors of BMI and physical activity, have to be a focus of
preventative methods. Through the reduction in obesity and the implementation of sound,
evidence based exercise programs, the body can be better prepared to perform the
required work, while assuming the proper position to execute the work.
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